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Art.  I. —  The  Effect  of  a  Warmer  Climate  upon   Q lacier s ;    by 
Capt  C.  E.  DuTTON,  U.  S.  Ordnance  Corps. 

Inquiry  into  the  possible  causes  which  could  have  produced 
a  great  extension  of  glaciers  has  been  involved  in  the  follow- 
ing difficulty.  While  it  cannot  be  doubted  that  the  climate  of 
the  Glacial  period  was  in  some  important  respects  different 
from  the  present  climates  the  moment  any  attempt  is  made  to 
ascertain  what  would  be  the  effect,  if  any  one  of  the  deter- 
minants of  climate  were  to  undergo  a  marked  variation,  it  is 
found  to  be  so  intricately  interwoven  with  many  other  condi- 
tions and  determinants  that  the  ingenuity  of  the  investigator  is 
generally  baffled  in  his  endeavors  to  assign  a  just  and  proper 
weight  to  them  all.  The  intricacy  of  the  problem  is  very  great 
and  its  diflSculties  are  analogous  to  those  which  would  beset 
the  investigator  who  should  endeavor  to  ascertain  what  would 
be  the  eff'ect  of  altering  the  size  or  adjustment  of  any  one  of 
the  parts  of  a  very  complicated  machine  of  which  the  structure 
and  operations  were  very  imperfectly  understood.  Aj)art  from 
this  intrinsic  diflSculty,  which  is  a  sufficient  excuse  to  any  in- 
vestigator who  may  have  failed  to  reach  satisfactory  conclu- 
aons,  there  has  been  on  the  part  of  some  inquirers  a  want  of 
care  and  an  inaccuracy  of  method  which  is  not  so  excusable. 
Some  of  them  have  ventured  to  offer  conclusions  as  to  what 
would  be  the  result  of  modifying  one  part  of  the  machine  with- 
out troubling  themselves  to  inquire  what  coordinate  modifica- 

Ajl  Jour.  Scl— Third  Skbies,  Vol.  XXVII,  No.  167.--Jan.,  1884. 

1 


*§/  :U  J£  I^ukdii — ^eet  pf  a  warmer  OlvinaJte  npon  Qldciers. 

tions  would  be  required  by  the  other  parts,  or  even  whether 
any  such  modifications  were  at  all  necessary.  A  conspicuous 
instance  of  this  faulty  method  is  furnished  by  those  who  argue 
that  in  order  to  account  for  more  extended  glaciers  than  we 
now  have  we  must  infer  that  a  more  copious  snowfall  prevailed 
in  the  Glacial  period  ;  that  to  provide  this  more  copious  snow- 
fall we  must  infer  thai  the  air  was  more  moist,  the  evaporation 
greater  and  the  temperature  of  the  atmosphere  at  lar^e  higher 
than  now;  in  brief,  that  the  climate  of  the  earth  was  then 
warmer  than  at  present ;  probably  by  reason  of  a  greater  rate 
of  solar  radiation.  The  questions  which  this  hypothesis  raises 
are  much  more  limited  and  less  complex  than  those  brought 
up  by  other  theories  of  a  glacial  climate,  though  even  here  the 
complexity  is  considerable.  I  believe  that  it  can  be  brought 
to  the  test  of  a  decisive  argument  founded  upon  known  laws 
and  relations,  and  to  a  conclusion  which  will  not  admit  of  any 
dispute.  In  that  conviction  the  following  argument  is  sub- 
mitted : 

(1.)  It  is  agreed  on  all  sides  that  glaciers  can  form  only,  and 
will  always  form  when,  the  annual  snowfall  is  for  a  long  term 
of  years  greater  than  the  annual  dissipation  of  snow  by  lique- 
faction and  evaporation.  It  is  taken  for  granted  that  nobody 
will  question  the  assumption  that  a  warmer  climate  will 
increase  the  annual  liquefaction  and  evaporation.  It  remains 
to  inquire  whether  it  will  also  increase  the  snowfall ;  and 
increase  it  to  an  extent  which  shall  more  than  compensate  the 
increased  dissipation. 

(2.)  It  is  sufficiently  obvious  that  the  amount  of  snowfall  in 
any  given  locality  in  one  year  will  depend  upon  the  two  fol- 
lowing quantities:  1st,  the  number  of  days  or  hours  during 
which  snow  is  falling;  or,  more  simply,  upon  the  time  of  pre- 
cipitation; 2d,  npon  the  average  rate  at  which  it  falls.  The 
product  of  these  two  unknown  quantities  will  express  the  total 
quantity  of  snow  during  any  period.  They  are  sufficiently 
general  to  cover  all  possible  conditions  which  can  aft'ect  the 
amount  of  snowfall,  and  the  question  is  thus  resolved  into  the 
subsidiary  ones:  1st,  will  a  warmer  climate  cause  in  any  local- 
ity any  increment  in  the  time  of  snow  precipitation  in  an  av- 
erage year;  2d,  will  it  cause  any  increase  in  the  average  rate? 
These  will,  so  far  as  practicable,  be  considered  separately.  It 
will  be  most  convenient  to  examine,  first,  the  rate  of  precipita- 
tion. But  before  doing  so  it  will  be  well  to  advert  to  two  or 
three  familiar  but  most  essential  facts.  They  are  truisms, 
indeed,  but  are  necessary  for  the  continuity  of  the  argument. 

(3.)  Precipitation  takes  place  when  saturated  air  is  cooled; 
never  otherwise.  If  the  two  limiting  temperatures  between 
which  cooling  takes  place  are  both  above  zero  (centigrade)  the 
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precipitation  is  necessarily  all  rain ;  for  the  precipitate  must 
take  the  temperature  of  the  menstruum.  If  the  two  limiting 
temperatures  are  both  below  zero  the  entire  precipitation  is 
snow.  If  one  limit  is  above  and  the  other  below  zero  a  part  of 
the  precipitation  is  rain  and  the  other  part  snow.  From  this  it 
follows  that  wliatever  moisture  air  may  contain  in  excess  of  the 
quantiiy  which  is  necessary  to  saturate  it  at  zero  can  foil  only  as 
rain  ;  and  the  only  available  supply  which  can  form  snow  is  a 
portion  of  the  moisture  which  is  required  to  saturate  air  at  zero. 

(4.)  To  avoid  circumlocution  it  will  be  considered,  unless  dis- 
tinctly specified  otherwise,  that  the  air  is  saturated  with  mois- 
ture at  all  temperatures.     The  amount  of  precipitation  is  an 
increasing  but  complicated  function  of  the  amount  of  fall  of 
tem}>erature.     Without  such  a  fall  there  can  be  no  precipita- 
tion.    But  equal  falls  do  not  give  the  same  amount  of  precipi- 
tation in  different  parts  of  the  temperature  scala     Thus  a  fall 
from  20*^  to  19*^  precipitates  much  more  than  a  fall  from  10°  to 
9°,  and  this  much  more  than  from  0°  to  -1°.     The  exact  form 
of  the  function  representing  the  relation   of  precipitation  to 
tqusl  heat-changes  is  not  known,  but  it  may  be  given  very 
approximately  at  practical  temperatures  by  the  ordinary  empir- 
ical curve  of  saturation  used  as  a  graphic  representation.     In 
reality,  the  amount  of  precipitation  is  the  integral  product  of 
two  variables,  one  expressing  the  amount  of  heat-change  (or 
number  of  degrees  fall  of  temperature),  the  other  expressing 
the  part  of  the  temperature  scale  in  which  the  cooling  occurs. 

(5.)  In  proceeding  to  investigate  the  questions  formulated  as 
above  we  are  met  at  the  outset  with  a  difficulty  which  must  be 
at  once  disposed  of.  This  is  the  extreme  irregularity  of  precip- 
itation not  only  in  different  parts  of  the  year  but  as  between 
different  years.  In  most  places  not  one  day  in  four  is  wet 
The  intervals  of  dry  weather  vary  from  a  few  hours  to  months. 
The  storms  are  of  the  most  unequal  duration  and  copiousness. 
In  any  two  consecutive  years  there  is  no  correspondence  in  the 
calendar  dates  on  which  the  storms  occur,  nor  is  the  yearly  or 
monthly  or  seasonal  precipitation  the  same.  How  then  can 
there  be  said  to  be  any  such  thing  as  a  rate  of  precipitation,  or 
any  rationally  expressible  time  of  snowfall?  The  answer  is, 
that  a  great  glacier  is  the  work  of  centuries  of  accumulation. 
These  factors,  seemingly  so  lawless  and  so  heterogeneous  from 
day  to  day  and  from  year  to  year,  and  so  frequently  altogether 
discontinuous,  have,  in  the  course  of  many  centuries,  each  an 
average,  and  these  averages  are  susceptible  of  perfectly  rational 
expression.  Suppose  we  had  thrice-daily  observations  for  a 
thousand  years  of  all  the  meteorological  conditions  of  a  locality. 
The  average  of  these  observations  would,  in  respect  to  each 
factor,   give  perfectly  definite  values  and  relations.      Let  us 


4     O.  E.  DuUon — Effect  of  a  wa/rmer  Climate  upon  Olaoiera^ 

therefore  consider  an  imaginary  year  which  shall  represent  the 
average  conditions  of  a  thousand  years.  It  would  have  such 
characteristics  as  the  following:  In  most  localities  every  day 
in  the  year  would  show  some  precipitation,  but  with  one  or 
more  maxima  in  one  or  two  parts  of  the  year,  and  a  corres- 
ponding number  of  minima.  In  a  few  localities  it  is  just  pos- 
sible that  some  part  of  the  year  might  show  no  precipitation  at 
all,  the  function  becoming  discontinuous.  Each  day  in  the 
year  would  have  some  definite  rate  of  precipitiition  (quantity 
divided  by  the  time).  Each  day  would  have  its  proper  sea- 
sonal temperature  and  variations  of  temperature  and  all  would 
follow  some  expressible  law  determined  by  the  general  and 
local  conditions  operating  upon  the  climate  of  the  locality  in 
question.  It  is  just  these  averages  which  determine  the 
annual  rate  of  growth  or  decline  of  a  glacier  in  any  locality,  or 
whether  there  shall  be  any  glacier  there  at  all. 

(6.)  Let  us  now  proceed  to  consider  the  effect  of  a  change  of 
the  amount  of  solar  radiation  upon  rate  of  precipitation — not 
snowfall  just  now,  be  it  observed,  but  the  entire  precipitation 
both  rain  and  snow.  We  shall  separate  the  snowfall  after- 
wards. This  is  quite  necessary,  for  the  omission  to  consider 
the  total  effect  of  a  general  increase  of  climatal  temperatures 
has  been  the  stumbling-block  of  quite  a  number  of  those  who 
have  appealed  to  it. 

The  rate  of  precipitation  (i.  e.  quantity  of  precipitation  per 
unit  time — which  time-unit  may  be  taken  very  small,  say  one 
hour,  or  even  less,)  depends  upon  three  factors:  1st.  The  quan- 
tity of  air  which  undergoes  cooling;  2d.  Upon  the  rate  of  cool- 
ing; 8d.  Upon  the  temperature  at  which  the  cooling  begins. 
These  three  factors  involve,  either  explicitly  or  implicitl}^,  all 
known  conditions  which  can  possibly  affect  the  rate  of  precipi- 
tation, except  physical  constants,  which,  of  course,  need  not  be 
considered.  Thus  the  amount  of  cooling,  i.  e.  number  of 
degrees  fall  of  temperature,  is  implied  in  the  second  factor; 
for  this  amount  is  simply  the  rate  multiplied  by  the  time,  and 
the  time  is  now  unity. 

(7.)  The  Quantity  of  air  which  at  any  time  is  yielding  moisture 
to  any  locality  is  that  quantity  which  blows  over  it  as  wind. 
If  the  atmospiiere  were  always  niotionless  its  hygrometric 
changes  over  the  land  would  be  limited  to  evaporating  and 
condensing  the  same  water  over  and  over  again ;  and  by  ab- 
sorption into  the  earth  or  by  running  into  the  sea  even  this 
water  would  soon  go  out  of  reach  and  precipitation  would  cease 
altogether.  The  winds  are  the  vehicles  which  bring  moisture, 
and  as  fast  as  one  body  of  air  is  depleted  another  body  of  it 
takes  its  place.  The  quantity  of  air,  then,  which  is  to  yield 
woiatMTe  is  simply  proportional  to  the  velocity  of  the  wind. 
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There  is  no  doubt  that  the  faster  saturated  air  is  supplied  to  a 
locality  where  it  is  cooled  the  faster  {ceteris  paribus)  the  rain  or 
snow  will  fall.  But  the  ratio  of  increment  of  wind  velocity  to 
increment  of  precipitation  is  not  a  simple  one.  It  will  be  given 
farther  on.  Just  here  we  are  merely  concerned  with  the 
inquiry,  How  would  this  air-supply  or  wind-velocity  be  affected 
by  a  warmer  climate?  Would  it  be  increased?  and,  if  so,  in 
what  ratio?  Undoubtedly  it  would  be  increased.  As  regards 
the  ratio,  an  answer  will  beattempted  presently.  The  velocity 
of  the  wind  is  intimately  associated  with  the  second  factor,  rate 
of  cooling,  and  it  is  first  necessary  to  have  the  entire  range  of 
facts  before  us  so  as  to  dispose  of  the  matter  in  its  entirety. 

(8.)  Let  us,  then,  consider  the  second  factor  which  affects  the 
rate  of  precipitation,  viz :  the  rate  at  which  air  cools ;  and  let 
us  afterwards  inquire  how  it  would  be  affected  by  a  change  of 
climate  consequent  upon  increased  solar  radiation.  There  are 
four  known  ways  in  which  the  cooling  of  air  occurs:  (1)  by  the 
work  done  in  expansion;  (2)  by  contact  with  colder  surfaces; 
(3)  by  commingling  with  colder  air  bodies;  (4)  by  excess  of 
radiation  over  absorption  of  heat. 

(9.)  A  moment's  reflection  will  convince  us  that  the  first 
three  modes  of  cooling  are  dependent  altogether  upon  move- 
ments of  air.  In  order  that  air  may  expand  it  must  move 
upward ;  so,  also,  in  order  that  it  may  be  brought  into  con- 
stantly renewed  contact  with  colder  surfaces  or  may  continu- 
ously intermingle  with  colder  air  bodies,  it  must  have  move- 
ment^ and,  therefore,  velocity.  The  rates  (»f  expansion,  contact 
and  comminghng  are  plainly  proportional  in  a  simple  ratio  to 
the  velocities  of  the  respective  movements  which  cause  them. 
Again  comes  up  the  subject  of  the  cause,  quantity  and  rates  of 
ihe^e  movements  and  here  is  the  place  to  inquire  how  such 
movements  would  be  affected  by  a  warmer  climate.  This  sub- 
ject can  be  reached  only  by  going  back  to  the  causes. 

(10.)  In  an  ultimate  analysis  the  cause  of  air-movements  is 
found  in  the  incessant  and  unequal  disturbances  of  the  thermal 
equilibrium  of  the  atmosphere.  The  sun's  radiant  energy  falls 
unequally  at  any  instant  upon  different  places.  It  falls  une- 
qually at  morning,  noon  and  night ;  unequally  upon  different 
zones  of  the  earth.  It  falls  upon  surfaces  in  the  same  zone 
which  are  heterogeneous  with  respect  to  their  coefficients  of 
absorption ;  as,  for  example,  land  and  sea.  It  penetrates  an 
atmosphere  which  has  unequal  absorptive  capacity  in  its  differ- 
ent strata.  The  result  is  a  disturbance  of  the  temperature- 
equilibrium  of  the  atmosphere  in  numberless  places  at  once  and 
incessantly.  Consequent  upon  this  is  a  disturbance  of  the 
statical  equilibrium  of  the  air;  and  further  consequent  is  the 
rush  of  air  to  find  a  new  equilibrium.     Any  disturbance  of  a 
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body  from  a  position  of  stable  equilibrium  which  it  seeks  to 
reestablish,  is  a  case  of  the  conversion  of  kinetic  into  potential 
energy.  The  radiant  energy  which  falls  upon  the  earth  is 
partially  converted  into  potential  which  is  in  turn  expended  in 
producing  the  movements  of  the  air.  Having  referred  these 
movements  back  to  their  cause  and  having  put  the  conditions 
of  the  question  into  the  most  general  and  comprehensive  form, 
we  may  now  ask  again,  would  the  wind-potential  be  greater  if 
solar  radiation  were  to  increase  ?  Undouotedly  it  would.  But 
in  what  ratio?  To  this  latter  question,  I  believe,  a  suflSciently 
approximate  answer  can  be  given.  The  problem  is  purely  a 
thermodynamic  one. 

(11.)  The  atmosphere,  considered  with  reference  to  its  winds, 
may  be  regarded  as  a  series  of  thermodynamic  engines  oper- 
ated by  an  expansible  and  nearly  perfect  gas  receiving  heat  and 
converting  it  into  work.  The  amount  of  energy  available  for 
this  work  is  directly  proportional  to  the  difference  (in  any  given 
case)  between  the  absolute  temperature  which  the  body  of  air 
performing  work  possesses,  and  the  absolute  temperature  which 
18  necessary  for  its  statical  equilibrium.  We  have  seen  that 
the  causes  which  determine  these  diflFerences  of  temperature — 
the  sphericity  of  the  earth,  its  rotation  and  seasons,  its  hetero- 
geneous surface — are  in  the  main  fixed  in  nature  and  constants ; 
while  the  motive  power  is  the  sun's  radiant  energy.  And  since 
the  solar  radiation  and  the  temperature-differences  of  the  air 
are  both  heat-quantities,  pure  ana  simple,  we  have,  apparently, 
no  alternative  but  to  conclude  that  they  are  proportional  to 
each  other.  But  the  exact  form  of  the  ratio  is  unknown. 
Nevertheless,  if  we  assume  it  to  be  a  simple  ratio  for  any  range 
of  variation  in  the  amount  of  solar  radiation  which  could  be 
reasonably  postulated  in  connection  with  the  present  discussions, 
we  shall  certainly  commit  no  large  error.  Still  less  shall  we 
err  if  we  assume  that  the  inequalities  in  the  heating  of  the  air 
are  proportional  in  a  simple  ratio  to  the  mean  absolute  tempera- 
ture of  the  air  at  the  earth's  surface,  and  if  that  temperature 
were  raised  by  increased  solar  radiation  the  inequalities  which 
cause  the  winds  would  increase  in  the  same  ratio. 

(12.)  How  great  an  increase  in  the  mean  temperature  of  the 
earth's  climates  would  the  advocates  of  a  warm  glacial  climate 
be  disposed  to  postulate?  Would  20°  C.  be  sufficient?  Tak- 
ing the  mean  temperature  of  the  earth's  atmosphere  at  the 
surface  to  be  (274° -f  16'')  C.  and  adding  20°  to  it,  we  have  310°, 
and  the  ratio  of  290 :  310=1*07,  or  an  increment  of  seven  per 
cent  in  the  absolute  temperature  of  the  atmosphere.  Assuming 
that  the  wind  potentials  are  every  where  increased  in  like  ratio, 
and  remembering  that  the  velocity  of  the  wind  is  proportional 
to  the  square  root  of  the  energy  expended  in  producing  it,  the 
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resulting  mean  velocity  of  the  winds  would  be  x/l'07=l*035, 
or  about  three  and  one-half  per  cent  greater  than  at  present 
Bat  suppose  the  wind  potentials  increased  in  a  geometrical 
ratio  witn  the  temperature  of  air.  The  result  would  of  course 
depend  altogether  on  the  form  of  this  ratio.  But  takitg  it  in 
its  simplest  form  (logarithm  of  the  potential  simply  proportional 
to  the  absolute  temperature)  the  increment  in  the  wind- velocity, 
resulting  from  20°  increase  of  mean  temperature,  would  be  less 
than  six  per  cent.  Larger  geometrical  ratios  can^of  course  be 
arbitrarily  postulated,  but  they  would  require  a  very  stalwart 
defense  to  entitle  them  to  a  hearing. 

(13.)  Let  us  now  go  back  and  review  our  first  two  factors 
which  determine  the  rate  of  precipitation ;  (1)  air  supply,  (2) 
rate  of  cooling.     We  have  seen  that  both  are  dependent — the 
first  wholly  and  the  second  in  great  part — on  the  velocity  of 
the  winds.     The  first  factor,  air-supply,  is  evidently  directly 
proportional  to  the  velocity  with  which  the  winds  move.     But 
we  have  found  reason  to  believe  that  this  velocity  would  not  be 
very  much  increased,  though  it  would  to  some  extent,  by  an 
increment  in  the  mean  temperature  of  the  atmosphere  which 
most  thinkers  would  probably  consider  very  large.     The  same 
conclusion  attaches  to  the  second  factor,  rate  of  cooling,  in  so 
far  as  it  is  dependent  upon  the  velocity  of  the  wind.     But  we 
have  noted  that  this  second  factor  depends  for  its  value  upon 
four  subordinate  or  component  factors,  commingling,  expansion, 
contact,  and  excess  of  radiation  over  absorption  of  heat.     The 
first  three  depend  for  their  value  upon  the  velocity  of  air  move- 
ments solely.     The  fourth  component  (excess  of  radiation  over 
absorption)  presents  other  considerations. 

(14.)  In  the  long  run,  radiation  and  absorption  of  heat  by 
the  atmosphere  are  equal.  For  if  one  or  the  other  predomina- 
ted continuously  the  air  would  grow  continuously  warmer  or 
colder.  Practically  during  any  short  period  of  time,  and  in 
every  locality  one  or  the  other  does  predominate  ;  but  the  ratio 
of  the  two  perpetually  oscillates  to  and  fro  about  an  equality. 
Now  if  air  were  motionless  for  a  long  period  of  time  this  oscil- 
lation of  temperature  would  soon  cease  to  precipitate  moisture 
upon  the  land  though  the  vibration  might  still  continue.  But 
in  reality  fresh  air  laden  with  new  supplies  of  moisture  is  con- 
stantly replacing  the  bodies  of  air  which  have  been  depleted. 
Again  we  find  that  the  movement  of  air  is  a  vital  considera- 
tion. But  the  nature  of  the  dependence  of  that  portion  of  the 
cooling  caused  by  exci  ss  of  radiation  upon  the  velocity  of  the 
wind  is  different  from  that  of  commingling  expansion,  eta  In 
the  latter  operations  their  eflBciency  is  proportional  in  a  simple 
ratio  to  the  velocity.  Not  so  the  efficiency  of  radiation.  The 
law  in  this  case  is  a  more  complex  one  and  the  ratio  has  less 
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value  than  a  simple  ratio.  Inasmuch  as  it  can  be  made  intel- 
ligible only  by  the  use  of  an  algebraic  expression,  the  analysis 
of  it  is  given  in  the  appended  note.*  The  general  result  of 
that  analysis  is  that  when  air  moves  from  a  warmer  to  a  colder 
place,  where  it  is  cooled  by  radiation,  the  amount  of  cooling 
(by  radiation  simply)  over  any  given  area,  does  not  increase 
in  the  same  ratio  as  the  velocity  of  the  wind,  but  in  a  ratio 
which  itself  diminishes  rapidly  as  the  velocity  increases. 

(15.)  We  have  thus  examined  the  essential  features  of  the 
jSrst  two  factors  which  determine  the  rate  of  precipitation  with 
reference  to  the  changes  they  would  probably  undergo  if  the 
earth's  climates  became  warmer.  These  changes  we  6nd  to  be 
very,  small  for  any  increase  of  warmth  which  would  be  postu- 
lated. So  small  are  they  that  hereafter  they  will  be  considered 
as  unimportant 

(16.)  The  third  factor  which  determines  the  rate  of  precipi- 
tation depends  for  its  value  upon  the  temperature  at  which  the 
cooling  of  saturated  air  begins.  It  is  by  far  the  most  impor- 
tant factor  of  the  three.  Its  value  is  directly  proportional  to 
the  maximum  density  of  water  vapor  considered  as  a  function 
of  temperature,  and  it  is  well  known  that  this  density  increases 
with  trie  temperature,  in  a  very  rapid  ratio.  A  roughly  ap- 
proximate idea  of  it  may  be  derived  from  the  fact  that  at  such 
temperatures  as  we  are  most  concerned  with,  this  density,  or, 
what  is  equivalent,  the  so-called  capacity  of  air  for  moisture,  is 
about  doubled  for  an  increase  of  10°  U.  in  the  temperature  of 

*  Let  us  consider  an  area  of  unit  width  over  which  air  is  passing.  Suppose 
that  while  it  is  passing,  some  cause,  the  nature  of  which  need  not  he  specified, 
determines  an  excess  of  radiation  over  absorption  of  heat.  It  must  have  some 
"  potential,"  which  is  measured  in  this  case  by  the  excess  of  the  temperature  of 
the  air  over  that  temperature  at  which  radiation  and  absorption  would  become 
equal.  The  law  is  that  the  rate  of  radiation  at  any  instant  is  proportional  to  the 
instantaneous  value  of  the  potential.  But  as  the  air  cools,  this  potential  is  con- 
stantly dimiuishiog.  Let  then  P  be  the  initial  value  of  the  potential  wlien  the 
air  first  reaches  the  supposed  area  and  let  p  be  its  value  after  any  time  t.  during 
its  passage  over  it.  Then  the  change  dp  in  the  value  of  the  potential  during 
any  time  dt  (taken  so  small  that  during  its  duration  p  may  be  regarded  as  sen- 
sibly constant),  is  expressed  by  the  Eq.  —dp=zpdt.  Integrating  tiiis  Eq.  between 
the  values  P  and  p  for  the  potential  and  between  the  corresponding  values  of  0 

and  t  for  the  time,  we  have  log  p— log  P=log   ~  =—  <,  and  p=Ve~\    Now  the 

total  cooling  during  the  time  t  of  any  unit  volume  of  the  air  is  equal  to  its 
loss  of  iKJtential;   that  is,  P— j9=P(l— e-').     If  <  be  taken  as  the  whole  time  of 

passing,  and  if  t;  represent  the  velocity,  then  <=-.  Substituting  this  expression  for 

^,  we  shall  have  the  amount  of  cooling  of  unit  volume  of  air  by  radiation  while 
passing  over  area  of  unit  width  with  the  velocity  v.  But  the  quantity  of  air 
which  passes  is  directly  proportional  to  the  velocity,  and  multiplying  the  expres- 

Bion  by  v  we  obtain  the  Kq. :  Total  cooling  over  given  area  =Pu(l— c  •).  The 
examination  of  this  term  shows  the  general  result  stated  in  the  text.  The  poten- 
tial P  may  also  be  a  variable  and  have  a  slightly  increased  value  under  a  warmer 
cUwate,  but  any  such  increment  would  of  course  be  very  small. 
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the  atmosphere.     So  obvious  are  the  considerations  which  arise 
from  this  fact  that  no  further  discussion  of  it  is  necessary. 

(17.)  We  find  then  that  a  warmer  climate  would  probably 
have  the  effect  of  increasing  the  rate  of  precipitation  from 
causes  which  may  be  grouped  into  three  categories.  First,  the 
quantity  of  air  which  supplies  the  moisture  would  move  a 
little  more  rapidly  to  the  places  when  it  cools.  Second,  the 
rate  of  cooling  which  causes  precipitation  would  be  a  little 
faster.  Third,  since  the  cooling  would  occur  in  a  higher  range 
of  temperature,  the  amount  of  precipitation  per  unit  volume  of 
air  per  unit  degree  of  cooling  would  be  rapidly  increased. 
The  last  factor  is  very  much  more  important  than  the  other 
two.  Hence  the  rate  of  precipitation  would  be  largely  in- 
creased by  an  increment  in  the  mean  temperature  of  the  earth's 
climates.  The  general  conclusion  indeea  is  much  too  obvious 
to  be  disputed.  But  it  has  been  deemed  essential  to  go  over 
the  ground  upon  which  it  rests  and  analyze  the  component 
causes  because  they  will  come  into  service  in  the  subsequent 
discussion. 

(18.)  Having  found  that  the  mean  rateol  precipitation  would 
be  largely  increased  by  a  warmer  climate,  the  next  step  is  to 
inquire  whether  the  time  of  precipitation  would  also  be  in- 
creased by  the  same  cause.  Here  as  before  we  must  recur  to 
the  causes  and  conditions,  which  fix  for  any  locality,  the  num- 
ber of  rainy  days  and  hours  of  the  average  year;  but  we  only 
need  to  advert  to  them  in  their  most  general  forms.  We  may 
recall  again  the  statement  that  precipitation  takes  place  when 
saturated  air  is  cooled — never  otherwise.  It  cools  when  it 
moves  from  a  place  where  the  local  conditions  make  it  warmer, 
to  a  place  where  the  local  conditions  make  it  cooler.  Again 
we  find  that  the  movement  of  air  becomes  an  inseparable  con- 
sideration. And  in  truth,  we  know  by  the  commonest  experi- 
ence, that  in  almost  all  regions  except  very  arid  ones,  the 
winds  from  certain  directions  bring  wet  weather,  while  those 
from  other  directions  bring  dry  weather.  The  logic  of  it  is, 
that  the  former  winds  come  from  warmer  places  laden  with 
moisture  and  are  cooled,  while  the  latter  come  from  places  where 
ibej  were  colder,  and  become  warm  and  therefore  dry.  The 
causes  then  which  control  Hie  directions  of  the  winds  are  the 
determinants  of  how  much  of  the  year  shall  be  foul  weather 
and  how  much  fair.  It  may  also  be  suggested  that  the  rela- 
tive humidity  of  the  air  is  another  determinant.  But  upon  in- 
spection it  will  appear  that  this  possible  factor  is  partially  im- 
plied in  the  other,  and  we  must  not  try  to  make  our  factors  do 
doable  duty.  In  part,  however,  it  presents  independent  consid- 
erations which  will  be  adverted  to  presently. 


10     C.  E.  DuUon — Ej^ect  of  a  warmer  CUmate  v^pan  Olaciera^ 

(19.)  The  question  then  is  how  would  a  warmer  climate  af- 
fect the  directions  of  the  winds  in  any  locality,  and  their  rela- 
tive humidity?  There  are  some  winds  like  the  monsoons,  th& 
trades  and  anti-trades  which  appear  to  be  governed  by  general 
laws,  which  (for  better  or  for  worse)  have  been  formulated  by 
theorists.  But  it  seems  quite  certain  that  the  trades  and  anti* 
trades  would  blow  as  unceasingly,  and  in  the  same  directions 
under  a  warmer  climate  as  under  the  present  one;  that  the 
monsoon  winds  would  begin  and  end  at  the  same  times  of  the 
year  as  they  do  now ;  and  that  this  is  true  of  all  winds  which 
have  the  seasonal  or  monsoon  character.  And  they  would 
presumably  bring  the  same  quota  of  rainy  and  dry  days — nei- 
ther more  nor  less.  There  are  also  what  may  be  termed  irreg- 
ular winds  of  which  the  cyclone  class  are  examples,  but  for 
the  caprices  and  anomalies  of  which  no  law  has  been  found. 
In  high  latitudes  the  winds  are  vacillating  and  their  vagaries- 
are  still  more  obscure.  Have  we  any  reason  to  suppose  that 
these  winds  as  yet  anomalous  would  yield  any  more  wet  days 
if  the  climate  were  warmer?  I  see  none.  Their  alternations 
might  be  a  little  more  rapid,  and  there  might  be  a  greater 
number  of  them  in  the  courae  of  the  year,  but  the  same  reason- 
ing would  lead  to  the  inference  that  the  average  duration  of 
each  oscillation  would  be  diminished  in  exactly  the  same  ratio 
that  their  number  was  increased,  and  so  the  total  time  would 
be  unchanged. 

(20.)  As  regards  the  humidity  of  the  air  it  would  seem  as  if 
the  advocates  of  a  warm  glacial  climate  had  confdunded  abso- 
lute humidity  with  relative.  If  it  could  be  made  to  appear 
that  the  relative  humidity  would  be  greater  under  a  warmer 
climate,  the  proof  of  it  would  have  great  weight  For  no  doubt 
cooling  air  often  fails  to  precipitate  because  its  relative  humid- 
ity is  low  :  and  greater  relative  humidity  would  obviously  cause 
a  certain  number  of  rainy  or  snowy  days,  where  now  there  are 
merely  cloudy  ones.  But  there  af)pears  to  be  no  reason  for 
supposing  it  would  be  any  greater.  Indeed,  is  there  any  greater 
relative  humidity  to-day  in  tropical  regions  than  in  extra  trop- 
ical, in.  the  air  as  it  leaves  the  ocean,  or  in  air  which  has  passed 
through  equivalent  changes  and  travel  over  the  land? 

(21.)  We  do  not  find  then  any  reason  to  suppose  that  either 
the  directions  or  relative  humidity  of  the  winds  has  any  relation 
whatever  to  the  intensity  or  degree  of  solar  radiation  ;  but  that 
so  far  as  known  laws  can  guide  us  they  depend  upon  conditions 
which  are  exclusively  terrestrial  and  therefore  constant  for  all 
values  of  solar  radiation.  And  as  I  am  unable  to  conceive  any 
possible  cause  of  change  in  the  time  of  precipitation  which  is 
not  directly  referrable  to  these  two  determinants  I  see  no  reason 
Jbunded  on  known  causes  to  suppose  that  a  warmer  climate 
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woald  affect  the  time  of  precipitation  in  any  manner  whatever. 
Poasibly  other  inquirers  may  be  more  ingenious  and  more  for- 
tanate.  Possibly  the  unknown  operations  of  the  intricate  ma- 
chinery of  the  winds  might  be  made  to  yield  another  result  ta 
more  subtle  analysis.  And  indeed  I  am  tempted  to  suggest 
here  a  line  of  thought  which  if  carefully  pursued  might  lead  to 
some  modification  of  the  above  provisional  conclusion  ;  though 
having  had  no  opportunity  to  give  it  proper  consideration 
I  am  unable  to  venture  any  opinion  as  to  what  the  character  of 
that  result  might  be.    Let  us  take  an  instance. 

(22.)  The  western  part  of  North  America,  from  Southern 
Alaska  as  far  south  as  the  head  of  the  Gulf  of  California,  shows 
climates  which  increase  in  moistness  as  tbe  latitude  increases. 
Leaving  out  of  view  the  climatal  conditions  prevailing  high  up 
on  the  mountains  ;  the  valleys  to  the  east  of  the  great  barrier 
ranges,  Sierra  Nevada,  Cascades,  and  Rockies  of  British  Colum- 
bia, grow  dryer  toward  the  south.     The  rainfall — the  number 
of  rainy  days  or  time  of  precipitation  decreases  with  the  lati- 
tude.    The  explanation  ox  it  1  have  suggested  in  a  former  pa- 
per of  this  Journal  about  as  follows.     In  the  northern  portions 
of  the  region  above  specified  the  adjoining  tracts  of  the  Pacific 
Ocean  are  relatively  warmer  than  the  land ;   in  the  southern 
portions  they  are  relatively  colder.     The  prevailing  winds  are 
from   tbe  west.     In  the  northern  parts  they  are,  during  the 
greater  part  of  the  year,  cooled  as  they  pass  into  the  interior  of 
the  continent,  while  in  the  southern   parts  they  are  heated. 
Hence  at  the  north  the  same  wind  from  the  same  ocean  is  a 
wet  wind  while  in  the  south  it  is  dry.     Now  it  is  quite  con- 
ceivable (though  from  want  of  full  consideration  I  should  not 
dare  to  oflFer  it  as  a  probable  result)  that  if  solar  radiation  were 
to  vary,  the  temperature-relations  as  between  land  and   sea 
would  also  be  profoundly  changed.     It  is  conceivable  if  the 
solar  radiation  were  greater  that  the  land  at  the  north  might 
heat  the  Pacific  winds  instead  of  cooling  them.     It  is  conceiva- 
ble that  they  might  cool  them  instead  of  heating.     Both  the 
winds  and  the  lands  would  be  warmer,  but  which  of  the  two 
would  have  received  the  larger  increment  of  temperature  is  the 
indeterminate  question. 

(23.)  But  for  the  present  the  only  logical  course  which  is 
open  to  us  is  to  confine  ourselves  to  plain  and  obvious  results 
of  physical  laws.  It  is  idle  to  argue  about  things  which  might 
be,  or  about  things  which  in  the  present  state  of  human  knowl- 
edge are  indeterminate.  We  have  no  apparent  resource  but  to 
assume  that  a  warmer  climate  would  have  no  efi*ect  whatever 
in  the  way  of  increasing  or  diminishing  the  number  of  wet 
days  and  hours  of  an  average  year,  and  this  is  the  assumption 
here  made.  The  burden  of  proof  is  upon  those  who  would 
Ktgwe  otherwise. 
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.  (24.^  We  may  now  proceed  to  separate  the  snowfall  from  the 
rainfall.  In  a  preceding  paragraph  attention  was  invited  to  the 
very  obvious  fact  that  moisture  cannot  be  condensed  in  the  form 
of  snow  at  temperatures  above  zero.  This  fact  with  equally 
obvious  ones  connected  with  the  changes  of  seasons  are  suffi- 
cient for  whatever  separation  is  required.     In  iSg.  1,  let  the 

1. 


LIZ37' 


z  S 


axis  of  Z  be  the  scale  of  temperatures,  and  let  PP'  represent 
the  temperature  of  precipitation  throughout  an  average  year — 
the  higher  parts  of  the  curve  corresponding  to  summer  and  the 
lower  parts  to  winter  months.  Draw  pp^  below  PP'  at  such 
a  distance  as  will  adequately  represent  in  all  parts  of  the  year 
the  temperature  to  which  the  air  falls  in  cooling.  The  two 
curves  need  not  be  exactly  alike  nor  nearly  so  symmetrical  as 
they  are  drawn.  The  forms  here  given  merely  express  their 
general  nature.  The  space  between  the  two  curves  expresses 
the  integral  amount  of  cooling  which  the  air  undergoes  in  order 
to  precipitate.  If  now  the  point  b  on  axis  Z  be  selected  as  the 
position  of  zero  temperature,  then  so  much  of  the  space  between 
the  curves  as  lies  below  W  represents  the  integral  amount  of 
cooling  available  for  snow.     If  the  climate  to  which  the  fore- 
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going  is  applicable  be  rendered  warmer  then  the  position  of 
zero  must  be  taken  at  a  lower  point  on  Z,  as  at  c,  or  what 
amounts  to  the  same  thing  the  carves  must  be  drawn  higher 
Dp  relative  to  the  zero  line.  Then  the  integral  amount  of  cool- 
ing available  for  snow  will  be  represented  by  the  space  below 
cc'  and  within  the  two  curvet*.  It  is  evident  that  according  to- 
this  construction  the  warmer  climate  would  decrease  the  amount 
of  cooling  available  for  snow  except  in  the  case  of  one  so  cold 
that  the  temperature  is  always  below  zero — which  may  be  rep- 
resented by  drawing  the  zero  line  above  both  curves  at  aa\ 

(25.)  But  the  same  amount  of  cooling  produces  diflFerent 
amounts  of  precipitation  in  different  parts  of  the  temperature 
scale.  While  the  amount  of  cooling  available  for  snow  has 
been  diminished  the  eflSciency  of  what  remains  has  increased. 
In  fig.  2,  let  Z,  as  before,  be  the  axis  for  temperatures,  and  let 
&  be  the  curve  of  saturation  or  maximum  vapor  density  of 
water  considered  as  a  function  of  temperature.  Let  the  vertical 
dimensions  of  the  figures /and  g  represent  equal  amounts  of 
cooling.  Then  their  areas  will  exemplify  the  different  amounts 
of  precipitation  in  different  parts  of  the  temperature  scale  pro- 
duced by  equal  amounts  of  cooling.  To  combine  the  two  fac- 
tors three  axes  are  necessary. 

(26.)  In  fig.  3,  draw  the  three  rectangular  coordinate  axes, 
OX,  OY,  OZ.  Upon  the  plane  YZ  draw  a  convenient  portion 
of  the  saturation  curve  >&.  Conceive  the  plane  figure  Sszz^  to 
be  a  generatrix  moving  along  the  axis  OX  in  positions  always 
parallel  to  ZY.  The  line  zz'  will  generate  a  vertical  plane  face, 
the  line  zs  a  horizontal  plane  face,  and  the  line  &  a  curved  face 
of  an  indefinite  solid.  Conceive  now  two  corrugated  cutting 
edges  similar  to  that  of  a  sheet  of  corrugated  iron  and  having 
the  curvature  generally  expressed  in  fig.  1,  by  the  curves  PP' 
and  pp^  be  passed  into  the  indefinite  solid,  moving  parallel  to 
YZ,  so  as  to  cut  out  of  it  the  shaded  solid  as  drawn.  This 
definite  solid  represents  graphically  the  annual  precipitation 
regarded  as  a  function  of  the  temperature  and  seasonal  changes. 
The  axis  Z  represents  temperature;  and  let  the  zero  point  be 
arbitrarily  fixed  at  the  origin  0.  To  ref^resent  the  effect  of  an 
increased  general  temperature  it  would  not  be  proper  in  this 
case  to  locate  the  zero  point  lower  down  on  Z,  but  the  solid 
must  be  cut  anew  from  the  indefinite  solid  by  passing  into  it 
the  corrugated  edges  higher  up.  The  amount  of  snowfall  is 
represented  by  that  portion  which  lies  below  ihe  plane  XY. 

(27.)  In  this  graphic  representation  the  annual  precipitation 
is  made  to  depend  upon  three  functions  between  two  variables. 
The  two  variables  are  temperature  and  time.  The  argument  is 
that  precipitation  takes  place  only  when  saturated  air  is  cooled. 
The  quantity  of  precipitate  which  cooling  air  will  yield  (per 
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unit  volume  of  air)  is  dependent  upon  the  extent  or  amount  o 
cooling,  i.  e.,  the  difference  between  its  initial  and  final  temper 
ature,  and  upon  the  temperature  at  which  the  cooling  begins 
This  is  expressed  by  the  length  and  positions  of  the  vertica 
lines  in  the  front  face  of  the  solid.  The  curved  line  PP'  repre 
sents  the  locus  of  these  initial  temperatures  for  every  day  ii 
the  year,  and  the  line  p'p'  represents  similarly  the  locus  of  thi 
final  temperatures.  I  have  drawn  them  about  equally  apan 
for  the  whole  year.  As  a  matter  of  fact  they  should  be  une 
qual,  most  probably ;  for  the  range  of  cooling  is  not  ordinarily 
uniform  in  the  storms  of  different  parts  of  the  year.  But  i 
will  appear  farther  on  that  this  is  of  no  consequence  so  far  a 
the  final  conclusion  is  concerned.  The  reader  may  imagine  th< 
intervals  between  PP'  and  pp'  to  be  arranged  in  any  way  he 
like6  provided  it  conforms  better  in  his  judgment  to  the  facti 
in  any  case.  The  final  conclusion  will  cover  every  admissible 
modification.  Perhaps  it  will  be  said  that  at  any  given  phasi 
of  the  year  when  two  consecutive  years  are  compared  there  will 
be  no  definite  initial  and  final  temperatures  ana  the  amount  o: 
cooling  even  on  corresponding  dates  will  be  very  different 
Quite  true;  but  the  illustration  contemplates  the  averages  of  i 
very  long  term  of  years — hundreds  of  years  or  even  thousands 
— and  these  averages  will  have  perfectly  definite  initial  and 
final  temperatures  of  cooling,  and  every  day  and  hour  of  th< 
year  is  thus  supposed  to  have  definite  conditions  suitable  tc 
rainfall — unless  indeed  we  consider  a  locality  where  during 
some  part  of  the  year  rain  never  falls.  In  that  case  the  curvei 
b^ome  discontinuous,  as  does  the  solid  also.  The  z  ordinate^ 
then  are  a  simple  function  of  the  temperature. 

(28.)  The  y  ordinates  represent  the  quantity  of  moisture  whicl 
unit  volume  of  air  precipitates  at  any  temperature.  They  an 
proportional  to  the  maximum  vapor  density  of  water  whicl 
may  be  expressed  by  the  product  of  an  arbitrary  constant  int< 
a  term  involving  no  other  variable  than  temperature.  Henc< 
the  y  ordinates  are  functions  of  temperature.  They  expresi 
the  efficiency  of  the  cooling  at  different  temperatures  and  there 
fore  the  differential  amount  of  precipitation  which  any  indefi 
nitely  small  cooling  will  produce  at  any  temperature.  Thej 
may  be  combined  with  the  z  ordinates  so  as  to  yield  a  singL 
function  expressing  the  instantaneous  rate  of  precipitation 
The  areas  or  the  figures/ and  ^,  fig.  2,  or  any  other  cross-sec 
tion  of  the  solid  by  a  plane  parallel  to  YZ,  will  express  th< 
rate  of  precipitation  regarded  as  a  function  of  temperature 
The  X  ordinates  represent  time  which  is  used  here  as  the  inde 
pendent  variable.  The  temperature  itself,  and  therefore  the  i 
and  z  ordinates,  are  harmonic  functions  of  the  time,  the  form  o 
which  is  not  exactly  known. 
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(29.)  The  first  efifect  to  be  considered  is  the  shortening  of 
the  time  of  snowfall,  so  far  as  this  time  depends  upon  the 
changes  of  seasons.  It  is  plain  that  the  increment  of  tempera- 
ture due  to  increased  radiation  must  pervade  every  portion  of 
the  earth  and  throughout  the  entire  year.  Quite  likely  the 
increments  would  be  unequal  in  different  latitudes  and  unequal 
at  dififerent  seasons.  Still  there  would  be  an  increase  at  all 
places  and  at  all  seasons.  The  summer  would  come  earlier  and 
stay  longer;  that  is  to  say,  the  time  during  which  it  would  be 
cold  enough  to  snow  would  begin  later  in  the  autumn  and  end 
earlier  in  the  spring. 

(80.)  The  second  obvious  effect  is  that  the  rate  of  precipita- 
tion, whether  for  rain  or  snow,  would  be  increased.  For  by 
the  hypothesis  the  precipitation  would  be  the  result  of  cooling 
air  at  a  higher  temperature  than  before  and  equal  amounts  of 
cooling  cause  a  larger  amount  of  precipitation,  the  higher  the 
temperatare  at  which  the  cooling  begins.  In  some  slight  de- 
degree  the  supply  of  air  yielding  snow  would  probably  be 
increased  through  a  small  increase  in  the  velocity  of  the  wind, 
but  this  increment  is  considered  as  trifling. 

Thus  the  time  of  snowfall  would  be  diminished,  but  the 
average  rate  of  snowfall  would  be  increased.  The  amount  for 
the  year  is  simply  the  product  of  the  time  multiplied  by  the 
average  rate  of  snowfall.  Since  one  of  the  factors  would  be 
decreased  and  the  other  increased  by  the  supposed  change,  the 
question  hangs  upon  the  answer  to  the  inquiry — which  of  the 
two  factors  increases  or  diminishes  in  the  higher  ratio  with  the 
temperature.  To  this  final  question  the  general  answer  is  that 
the  time  of  snow/all  would  decrease  in  a  faster  ratio  than  tlie  rate 
of  snowfall  would  increase,  and  the  total  annual  snowfall  would  be 
diminished  by  a  warmer  climate.  There  is  an  exception  or 
rather  a  class  of  exceptions  which  will  presently  be  adverted 
to.    The  proof  of  the  proposition  is  simple  and  conclusive. 

Since  the  warm  weather  is  extended  further  into  the  autumn 
and  begins  earlier  in  the  spring  the  only  effect  of  the  warmer 
climate  is  to  push  the  snowfall  of  October  (wholly  or  in  part) 
forward  into  November,  and  the  snowfall  of  November  forward 
into  December;  to  push  the  snowfall  of  March  (wholly  or  in 
part),  back  into  February,  and  that  of  February  back  into  Jan- 
uary. The  snowfall  which  originally  belonged  to  December 
and  January,  has  simply  disappeared.  Meantime  the  former 
heat  of  June  comes  now  in  May  and  the  heat  of  July  goes  over 
into  Aup;ust.*     Two  new   thermal    months   have  made  their 

*  It  will  of  course  be  understood  that  I  use  the  word  "  month  "  here  to  avoid  a 
dpcumlocntion.  I  use  it  as  a  general  expression  for  a  short  period  of  time,  having 
a  variable  relation  to  the  phase  of  the  year,  and  a  definite  relation  to  the  distribu- 
tion of  temperature  throughout  the  year.  This  period  may  be  of  any  length,  from 
one  day  to  six  moDths. 
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appearance,  hotter  than  any  ever  known  before,  and  add  thei 
potency  to  the  annual  liquefaction.  A  period  of  snowfall  ii 
midwinter  has  disappeared  without  compensation  ;  a  period  o 
melting  heat  in  midsummer  has  made  its  appearance  as  a  clea 
gain  to  the  total  liquefaction.  This  is  the  net  result  of  th< 
warmer  climate. 

(31.)  Let  us  examine  this  a  little  more  in  detail,  taking  \ 
special  case  by  way  of  illustration.  Let  us  consider  the  climau 
of  a  region  situated  in  rather  high  latitudes,  say  in  the  neigh 
borhood  of  50°  to  55°,  where  the  present  mean  temperature  o 
precipitation  touches  zero  on  the  10th  of  October.  For  thre< 
or  four  weeks  before  and  after  that  date  the  storms  will  some 
times  yield  rain,  sometimes  snow — the  rain  at  first  being  mon 
and  then  less  and  less  frequent  until  nothing  but  snow  falls. 
Similarly  in  the  spring  (April  15th  ?)  there  is  a  date  at  whid 
the  mean  temperature  of  precipitation  rises  up  to  the  zero  line 
and  passes  above  it  with  a  period  on  either  side  in  which  sno^ 
apd  rain  alternate — the  snowfall  gradually  vanishing.  Thui 
we  have  four  seasons,  one  of  summer  rainfall,  one  of  wintei 
snowfall,  ^nd  two  seasons  (autumnal  and  vernal),  where  th< 
rains  and  snows  are  dove-tailed  with  each  other.  It  is  alsc 
necessary  to  remember  that  we  are  now  considering  an  averag< 
.  year  as  before  described,  and  we  must  stop  a  moment  to  con 
sider  the  elements  of  which  that  year  is  made  up.  Every  cal 
endar  date  has  a  certain  time,  rat«,  temperature,  and  amount,  o; 
precipitation  which  is  found  by  averaging  the  supposed  obser 
vations  of  precipitation  occurring  on  that  date  for  nundreds  ol 
years.  It  is  immaterial  whether  we  consider  any  particulaj 
date  as  having  a  certain  number  of  wet  and  another  numbei 
of  dry  hours,  occurring  as  one  storm,  one  dailv  interval  of  cleai 
weather,  or  as  hundreds  of  short  intervals  of  a  minute  or  two 
duration  alternating  with  as  many  short  dry  intervals. 

Suppose  now  a  warmer  climate  supervenes  with  a  heat  incre- 
ment sufficient  to  postpone  the  time  at  which  the  mean  tem- 
Eerature  of  precipitation  touches  zero  until  the  15th  of  Novem- 
er.  In  that  case  the  15th  of  November  takes  the  precipitation 
which  now  pertains  to  October  15th,  subject  to  a  qualification 
which  will  be  mentioned  speedily.  November  20th  takes  the 
precipitation  of  October  20th  and  so  on.  Thus  the  winter  is 
driven  forward  in  time.  On  the  other  hand  the  spring  comes 
earlier;  and,  in  inverse  order,  the  winter  is  driven  backward. 
The  former  may  be  called  the  procession  of  snowfall,  the  latter 
the  recession  of  snowfall.  In  mid-winter  the  procession  and 
recession  meet  and  crowd  out  entirely  a  certain  period  of  time 
in  which  snowfall  formerly  occurred.  But  the  rate  of  precipi- 
tation during  mid-winter  has  increased  because  the  temperature 
is  now  higher  at  which  precipitation  takes  place.     But  this 
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higher  rate  is  merely  the  same  rate  which  prevailed  formerly  at 
an  earlier  date.  In  the  first  half  of  the  winter,  the  original 
rates  and  amounts  of  precipitation  have  only  been  postponed  to 
later  dates  without  change  of  value.  In  the  last  half  of  the 
winter  the  original  rates  and  amounts  of  precipitation  have 
merely  been  anticipated  on  earlier  dates  without  change  of 
value.  The  rates  and  amounts  which  have  been  anticipated 
and  postponed  have  taken  the  place  of  rates  and  amounts  which 
have  disappeared  entirely  and  without  compensation. 

(82.^  liet  us  now  look  at  some  of  the  qualifications  to  the 
foregoing  conclusion.  It  is  implied  in  the  argument  that  dur- 
ing our  average  year,  the  number  of  wet  and  dry  hours,  respec- 
tively, would  be  sensibly  the  same  on  each  and  every  date. 
As  a  matter  of  fact  this  is  not  true.  Certain  seasons  are  dryer 
or  wetter  than  others,  i.  a  have  more  or  fewer  rainy  hours  per 
day  or  per  month.  How  would  our  conclusion  be  aflTected  by 
introducing  this  consideration  into  the  argument?  That  will 
depend  somewhat  on  the  nature  of  the  distribution  of  wet  and 
dry  hours  throughout  the  year.  In  the  first  place  it  may  be 
remarked  that  this  distribution  is  governed  and  regulated  partly 
by  local  causes  and  partly,  by  fixed  astronomical  causes  or  rela- 
tiona  Presumably  the  causes  would  be  constant  for  all  values 
of  solar  radiation.  If  wet  weather  is  more  frequent  near  the 
equinoxes  than  in  mid-winter,  the  argument  would  become  a 
fartuirL  But  if  wet  weather  has  its  maximum  in  mid-winter, 
the  argument  would  be  weakened  and  in  an  extreme  case  might 
be  80  affected  as  to  show  a  greater  snowfall  with  a  warmer 
climate. 

(38.)  There  is  also  one  general  exception  which  is  indepen- 
dent of  the  distribution  of  wet  weather  throughout  the  year, 
and  in  which  a  warmer  climate  would  produce  increased  snow- 
fall. If  a  r^ion  exists  any  where  on  earth,  such  that  the  mean 
temperature  of  precipitation  all  the  year  round  is  considerably 
helow  zero,  then  a  warmer  climate  will — up  to  a  certain  limit 
—have  the  effect  of  increasing  the  rate  of  precipitation  without 
affecting  the  time,  and  hence  there  will  be  an  increase  of  snow- 
bll.  But  the  moment  the  temperature  of  precipitation  passes 
above  zero  in  any  part  of  the  year,  then  the  shortening  of  the 
time  of  snowfall  begins  and  proceeds  at  maximum  rate  of  short- 
ening for  any  further  increase  of  temperature,  and  thereafter 
the  conversion  of  snow  into  rain  will  subtract  more  snow  than 
the  increased  temperature  of  precipitation  will  add. 

(84.)  The  possibility  of  obtaining  a  greater  snowfall  by  a 
warmer  climate  then  is  limited  to  such  localities  as  are  now  ex- 
^mely  cold — to  localities  situated  either  very  near  the  poles, 
oral  altitudes  far  above  the  present  line  of  perpetual  snow.  In 
&U  other  places  a  warmer  climate  would  add  to  the  rainfall  and 
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actually  subtract  from  the  snowfall,  while  increasing  at  tfa 
same  time  the  annual  liquefaction.  The  advocates  of  a  warn 
glacial  climate  have  committed  a  most  extraordinary  oversigl 
in  failiqg  to  perceive  that  the  moistare,  which  they  would  ad 
to  the  atmosphere,  can  fall  as  rain  only.  Not  until  the  air  ht 
discharged  as  rain  all  the  moisture  in  excess  of  the  auantit 
which  saturates  it  at  zero,  can  it  begin  to  yield  snow.  This  coi 
sideration  alone  ought  to  have  deterred  them  from  such  a  do< 
trine  and  its  mere  statement  might  seem  sufficient  to  refute  tl: 
idea.  But  it  has  been  deemed  proper  to  investigate  the  sul 
ject  at  some  length,  and  to  examine  each  component  factor  i 
its  proper  relations,  in  order  to  make  ourselves  sure  that  wht 
seems  to  be  a  complete  answer  at  the  first  glance,  is  still  con 
plete,  however  it  may  be  tested  in  detail. 


Art.  II. — On  the  application  of  Wrights  Apparatus  for  distiUim 
to  the  filling  of  barometer  tubes;  by  FfiANE  Waldo,  Compute 

o.  c.  s.  o. 

[CommuDicated  by  permission  of  the  Ohief  Signal  Offlow.] 

Beferring  to  the  original  diagram  by  Professor  Wrigl 
(page  480  this  Journal,  vol.  xxii,  December,  1881)  and  whic 
is  here  reproduced  by  his  permission,  it  wiA  be  seen  thi 
a  is  a  vessel  full  of  impure  mercury,  b  a  tube  about  thirl 
inches  long ;  c  an  enlargement  of  6  ;  d  and  e  tubes  inclined  i 
opposite  directions ;  /  an  arm  for  connecting  with  a  Spreng 
pump ;  g  a  tube  a  little  over  thirty  inches  long ;  h  a  reserve 
with  an  outlet  to  the  air ;  h  is  filled  with  pure  mercury. 

The  air  is  now  exhausted  through  /;  the  mercury  rises  in 
and  g  until  C  is  partially  filled ;  aBunsen  burner  is  placed  und( 
c  and  the  mercury  distills  over  intp  g  and  flows  out  through 

If  now  g  is  cut  off  at  a;  a  few  inches  below  the  junction  of 
with  the  arm  /  (the  part  h  being  no  longer  used)  and  a  glai 
cock  be  inserted  at  x,  then  by  means  of  a  short  rubber  tul 
this  cock  can  be  connected  with  the  open  end  of  the  baromet< 
tube  to  be  filled,  which  latter  will  take  the  general  position  ( 
the  whole  tube  g  of  Professor  Wright's  drawing. 

The  rubber  tube  must  be  covered  with  melted  sealing  wai 
The  impure  mercury  in  a  should  first  be  washed  in  acids  an 
dried  before  introduction.  At  the  beginning  of  operations  a 
full  of  impure  mercury,  but  the  rest  of  the  apparatus  contaii 
only  air.  The  Sprengel  pump  is  set  in  motion  and  gradual] 
exhausts  the  air  from  6,  c,  d,  e  and  the  barometer  tube,  until  i 
air  bubbles  can  be  seen  in  the  running  mercury  of  the  Spreng 
pump,  and  until  the  sharp  click  is  heard  when  the  drops 
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Art.  hi.  —  A    New   Device  for  Measuring  Power ;   by  C.  F» 
Brackett,  Physical  Laboratory  of  the  College  of  New  Jersey. 

The  following  account  of  a  method  of  measuring  the  energy 
exj^>ended  on  or  i-endered  by  a  dynamo-  or  a  magneto-machine 
will  be  of  interest  to  those  who  have  to  do  with  the  production 
of  electricity  in  the  large  way  in  which  it  is  now  employed  in 
the  enterprises  of  the  day. 

The  machine  is  so  supported,  on  uprights,  that  it  can  freely 
turn  through  a  small  arc  of  a  circle  whose  center  lies  in  the 
geometrical  axis  of  the  annature.  The  support  may  be  eflFected 
by  means  of  knife  edges  or  by  means  of  smooth  cylindrical 
bearings,  attached  directly  to  the  machine  or  to  a  cradle  on 
which  the  machine  rests.  In  the  latter  case  the  cradle  is  made 
adjustable  so  that  the  bottom  or  floor  can  be  raised  or  lowered, 
thus  permitting  machines  of  different  constructioD,  when  placed 
thereon,  to  be  brought  into  proper  positions  as  regards  axis  of 
revolution  and  points  of  support  When  the  machine,  thus 
mounted,  is  set  in  rotation,  with  closed  circuit,  the  mechanical 
couple  set  up  between  the  armature  and  field  magnets  tends  to 
make  the  latter  revolve  in  the  same  direction  with  the  arma- 
ture. The  value  of  the  couple,  thus  operative,  and  which  we 
desire  to  know,  will  be  known  if  we  know  the  value  of  the 
couple,  equal  and  opposite  in  direction,  which  ia  required  to- 
hola  the  machine  fixed  in  its  position  of  equilibriam.  A  lever 
arm  is  fixed  to  the  machine  or  cradle  in  a  horizontal  position 
and  provided  with  a  sliding  weight  of  known  valae,  sufficient 
to  hold  the  machine  fixed  in  its  position  of  equilibriam  when 
in  the  performance  of  its  duty.  The  couple  required  can  thus 
be  known  in  terms  of  lever  arm  and  weight  We  then  only 
need  to  know  the  number  of  revolutions  in  a  unit  of  time  when 
we  have  all  the  data  needed  in  order  to  compute  the  energy. 

If  W  denote  the  weight,  L  the  lever  arm  and  n  the  number 
of  revolutious  in  a  minute,  we  shall  have :  energy  =2  rW  Ln, 
as  in  the  case  of  the  well-known  Prony  brake. 

For  purposes  of  accurate  scientific  inquiry,  the  field  magnets 
alone  may  be  mounted  and  balanced  on  knife  edges,  so  as  to 
turn  freely  like  the  beam  of  a  common  balance.  By  this  plan 
a!!  useless  work  is  excludeil  from  the  account.  Friction  at  the 
bearings  and  at  the  brushes  do  not  in  this  case  have  any  ten- 
dency to  make  the  field  magnets  revolve. 

In  the  PbTsical  Laboratorv  of  this  institution  there  are  several 
machines  having  the  construction  here  pointed  out  They 
leave  nothing  to  be  desired  in  point  of  sensitiveness  or  accuracy^ 
in  their  indications. 
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Abt.  rV. — On  some  points  in  Climatology,     A  rqoinder  to  Mr^ 

OroU;  by  SiMON  Newoomb. 

Ik  the  number  of  this  Journal  for  October,  1883,  Mr.  Croll 
publishes  a  reply  to  certain  criticisms  of  mine  urged  seven 
years  ago  against  his  theory  of  the  cause  of  glacial  epochs. 
(Vol.  xi,  p.  263,  May,  1876).  The  pleasure  and  interest  with 
which  I  have  read  Mr.  CroU's  paper  induces  me  to  reply  to 
it,  notwithstanding  a  want  of  confidence  on  my  part  in  the 
value  of  anything  short  of  a  purely  mathematical  investigation 
of  the  subject  It  will  be  well  to  begin  by  examining  the 
nature  of  the  question  and  stating  in  a  broad  way  what  seems 
to  me  unsatisfactory  in  the  foundation  of  Mr.  CroU's  method. 

What  we  are  concerned  with  is  the  inference  that  at  some 
former  epoch  in  geological  history  the  mean  temperature  of  the 
northern  hemisphere  was  much  lower  than  it  is  now.     Assum- 
ing this  as  the  basis  of  discussion,  the  question  is,  what  was  the 
cause  of  this  *^  glacial  epoch  V^     To  speak  more  accurately ; 
since  we  can  only  take  the  causes  relatively,  why  was  the 
northern  hemisphere  any  colder  then  than  it  is  now?     This 
question  Mr.  Croll  endeavors  to  answer  from  purely  astronom- 
ical causes,  combined  with  elementary  considerations  respecting 
the  motion  of  heat  and  its  relation  to  meteorological  phenom- 
ena.   His  conclusion  is  that  a  great  eccentricity  of  the  earth's 
orbit,  combined   with  a  position   of  the  perihelion    near   the 
northern  solstice,  will  cause  a  great  annual  fall  of  temperature 
io  the  northern  hemisphere,  which,  in  such  a  case,  would  have 
a  short  perihelion  summer  and  a  long  aphelion  winter. 

To  this,  my  reply  is,  that  too  little  is  known  of  the  laws  of 
terrestrial  radiation  of  heat  through  the  atmosphere  to  justify 
the  establishment  of  any  theory  of  the  glacial  epoch,  and  that, 
taking  the  case  up  exactly  as  Mr.  Croll  does,  he  fails  to  show 
sound  reason  why  the  mean  temperature  should  be  different  at 
the  supposed  periods.  At  the  same  time,  my  verdict  would  be, 
not  that  Mr.  Croll's  thesis  was  false,  but  that  it  was  not  proven. 
I  do  not  deny  the  possibility  that,  when  the  laws  of  climate 
become  thoroughly  known,  it  may  be  found  that  epochs  of  great 
eccentricity  are  always  glacial  epochs.  All  I  claim  is  that 
if  such  should  be  proven  to  be  the  case,  it  will  be  through  the 
action  of  causes  different  from  those  adduced  by  Mr.  Croll. 

In  fact,  without  going  any  further,  we  have  at  hand  a  vera 
causa  acting  in  this  direction  which  ha^s  not  been  considered  by 
Mr.  Croll  at  all.  Experiments  on  radiation,  commenced  with 
Dulong  and  Petit,  tend  to  show  that  Newton's  theory  of  the 
proportionality  between  temperature  and  radiation  is  not  well 
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founded,  and  that,  as  temperature  rises,  radiation  increases  in  » 
much  higher  ratio.  To  speak  more  exactly,  if  we  take  a  series 
of  temperatures  in  arithmetical  progression,  the  corresponding 
rates  of  radiation  of  heat  will  not  be  in  arithmetical  progression, 
but  in  a  series  of  which  the  differences  continually  increase. 
An  immediate  inference  from  this  general  law  is  that  if  an. 
isolated  body  receive  a  given  amount  of  radiant  energy  per 
annum,  its  mean  annual  temperature  will  be  a  maximum  wnen 
this  radiation  is  uniform  and  will  be  lower  the  more  irregular 
the  reception  of  heat. 

Now  It  is  well  known  that  the  total  amount  of  heat  received, 
not  only  by  the  earth  as  a  whole,  but  by  each  hemisphere,  is 
constant,  notwithstanding  the  change  in  the  earth's  eccentricity, 
but  in  virtue  of  the  law  just  stated,  any  portion  of  the  earth's 
surface  on  which  a  large  portion  of  the  annual  supply  of  heat 
is  delivered  during  a  short  summer,  will  have  a  lower  mean 
temperature  than  the  hemisphere  on  which  the  heat  is  distribu- 
ted more  uniformly.  But  Mr.  Croll  does  not,  so  far  as  I  have 
ever  noticed,  adduce  this  law  at  all.  On  the  contrary,  he 
assumes  Newton's  law  of  radiation  proportional  to  temperature 
under  which  the  cause  would  not  act  in  the  way  suggested. 

One  great  source  of  in-conclusiveness  in  Mr.  Croll's  results 
seems  to  me  to  be  a  lack  of  quantitative  precision  in  his  lan- 
guage. Though  he  may  use  numbers  wherever  it  seems  to  him 
they  are  applicable,  one  can  hardly  fail  to  notice  that  the  quan- 
titative terms  he  most  uses  are  such  as  "great,''  "very  great,"^ 
"small,"  "comparatively  small,"  and  these  without  any  state- 
ment of  the  units  of  comparison  rel$itively  to  which  the  expres- 
sions are  used.  Now  I  deem  it  not  improbable  that  the  differ* 
ence  between  a  cold  and  a  hot  epoch  may  be  due  to  the  veiy 
small  preponderance  of  one  or  the  other  of  several  antagonistic 
causes;  and,  if  so,  quantitative  precision  is  necessary  to  lead  to- 
any  reliable  conclusion. 

I  shall  now  enter  into  some  details :     Mr.  Croll  suggests  that 
I  may  have  forgotten  the  researches  of  Pouillet  and  Herschel: 
into  the  temperature  of  space.     I  reply  that  I  regard  the  con- 
clusion that  the  temperature  of  space  is  —289°  as  having  no- 
sound  basis.     To  speak  with  greater  quantitative  exactness,  it 
has  precisely  the  same  value  as  a  photometric  estimate  of  the 
intensity  of  star  light,   founded  on  observations  of  the  sky^ 
made  in  full  day,  with  an  attempt  to  eliminate  the  light  re-  » 
fleeted  by  the  sky  so  as  to  find  what  residue  comes  from  th^- 
stars.     The  fact  is,  that  no  observations  of  radiant  heat  from, 
stellar  spaces  at  large  can  be  made  below  the  uppermost  limits* 
of  the  earth's  atmosphere,  owing  to  the  intervention  in  lower 
regions  of  the  radiation  from  the  atmosphere  itself. 

Mr.  Croll  concludes,  using  Newton's  law  of  radiation,  thafc 
the  beat  received  from  the  stats  \a  lo  \)c^«A.  t^^^^yn^^l  ^toui  th^ 
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SOD  as  222  to  299.  I  woader  that  be  did  not  see  in  this  a 
ftiuctio  ad  absurdum  either  of  the  results  of  Pouillet  and 
Henchel,  or  the  law  of  radiation  which  he  assumes.  Photo- 
metry shows  that  the  combined  light  from  all  the  stars  visible 
in  the  most  powerful  telescope  is  not  a  millionth  of  that  re- 
ceived from  the  sun,  and  there  is  no  reason  for  believing  that 
the  ratio  of  light  to  beat  is  incomparably  different  in  the  two 


Id  considering  the  question  of  the  heat  conveyed  by  aerial 
currents  Mr.  Croll  quotes  from  my  former  paper  so  fully  and 
fairly  that  I  do  not  see  any  necessity  to  repeat  my  views  at 
length.     I  can  only  say  that  while  I  now  see  more  plainly  than 
before  some  reason  why  a  body  at  the  upper  region  of  the 
earth's  atmosphere  should,  on  the  average,  oe  colder  than  at 
tiie  surface,  I  do  not  see  that  we  have  data  for  fixing  the  fall  of 
temperature  at  5°  or  100^     If  the  degree  of  cold  is  greater 
than  that  due  to  expansion,  then  Mr.  Croll  is  right  in  main- 
taining that  the  aerial  current  would  not  carry  to  the  poles  all 
the  heat  with  which  it  left  the  equator,  but  even  granting  this 
condition  I  see  no  ground  for  supposing  the  quantity  of  heat 
coQveved  to  be  insignificant 

I  shall  now  consider  some  of  Mr.  CrolVs  reasons  why  the 
ocean  should  be  warmer  than  the  land.  His  assumed  law  that 
a  body  transparent  for  heat  rays  would  become  warmer  under 
solar  radiation  than  an  opaque  body,  I  passed  over  in  my 
former  criticism  as  too  much  opposed  to  the  fundamental  laws 
of  thermodvnamics  to  need  much  consideration.  He  now 
adduces,  in  support  of  his  thesis,  the  fact  that  water  is  more 
transparent  to  the  solar  rays  than  the  rays  which  it  would  itself 
radiate  ;  and  that  the  upper  layers  of  water  would  act  like  the 
glass  of  a  green  house  and  thus  allow  the  water  to  stand  at  a 
higher  temperature  than  it  would  otherwise  do.  This  addition 
to  the  modus  operandi  seems  to  me  quite  sound,  and,  therefore, 
to  show  one  true  cause  why  water  might  rise  to  a  higher  mean 
temperature  than  the  land,  though  I  am  unable  to  say  whether  the 
increase  would  be  measurable  with  an  ordinary  thermometer. 
But  I  am  sorry  to  find  that,  notwithstanding  his  addition  of  a 
sound  cause,  he  adheres  to  views  so  diametrically  opposite  to 
what  I  supposed  to  be  the  fundamental  laws  of  thermodynamics 
that  I  feel  compelled  to  state  the  case  more  fully.  His  first 
reason  why  the  ocean  should  be  warmer  than  the  land,  is  in 
the  following  words : 

First. — "The  ground  stores  up  heat  only  by  the  slow  process  of 
conduction,  whereas  water,  by  the  mobility  of  its  particles  and 
its  transparency  for  heat-rays,  especially  those  from  the  sun,  be- 
comes heated  to  a  considerable  depth  rapidly.  The  quantity  of 
beat  stored  up  in  the  ground  is  thus  comparatively  small,  while 
the  quantity  stored  up  in  the  ocean  is  great." 
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As  just  remarked  Mr.  CroU  sabstitutes  a  sound  reason  fc 
this  utterly  bad  one,  but  still  seems  inclined  to  hold  on  to  tfa 
latter.  The  confusion  of  ideas  which  pervades  it  can  best  b 
shown  by  making  some  attempt  to  put  the  statements  int 
quantitative  language,  using  numbers,  lengths,  etc.,  instead  c 
the  qualifying  words  "slow,  "considerable,"  "rapidly,"  "coir 
paratively  small*'  and  "great."  His  statement  would  the 
read  something  in  this  shape :  The  ground  stores  up  heat  onl 
by  the  process  of  conduction  which  admits  of  only  10  calorie 
per  square  meter  being  absorbed  in  a  day  whereas  water,  b 
the  mobility  of  its  particles,  etc.,  becomes  heated  to  a  depth  c 
thirty  feet  at  the  rate  of  1°  Fahr.  per  hour  (day  or  week  as  th 
case  might  be).  Thus  only  1000  units  of  heat  are  stored  up  i 
a  cubic  meter  of  earth,  while  5000  units  per  cubic  meter  ai 
stored  up  in  the  ocean. 

When  stated  in  this  form  the  question  how  hot  the  ocea 
would  get  at  the  end  of  x  days,  weeks  or  years  under  the  suj 
posed  law  of  heating  and  how  the  number  of  units  of  hei 
stored  up  respectively  in  the  ground  and  the  ocean  would  fi 
their  respective  temperatures  would  at  once  have  arisen  in  M 
Croll's  own  mind,  and  showed  him  the  utter  failure  of  hi 
reasoning;  but  by  using  instead  of  numbers  the  qualifyin 
phrases  I  have  quoted  he  confuses  integral  quantity  of  hea 
rate  at  which  heat  is  radiated  in  a  unit  of  time,  heat  stored  u] 
and  temperature,  without  destroying  the  apparent  soundness  c 
his  argument  in  the  mind  of  the  uncritical  reader. 

The  second  reason  is  in  the  following  words : 

Second. — "  The  air  is  probably  heated  more  rapidly  by  contac 
with  the  ground  than  with  the  ocean  ;  but,  on  the  other  hand, 
is  heated  far  more  rapidly  by  radiation  from  the  ocean  than  froj 
the  land.  The  aqueous  vapor  of  the  air  is  to  a  great  eztei 
diathermanous  to  radiation  from  the  ground,  while  it  absorbs  tl 
ravs  from  water  and  thus  becomes  heated." 

m 

Here  again  the  fallacy  of  the  reasoning  will  be  seen  by  giv 
ing  the  respective  number  of  degrees,  or  any  quantitative  state 
ment  of  the  rate  at  which  the  air  was  heated  by  radiation  froo 
the  ocean  and  from  the  land  respectively.  The  fact  I  supposi 
to  be  that  there  is  no  rapidity  oi  heating  in  question,  but  tba 
the  question  is  simply  one  of  stationary  temperature  to  be  ulti 
mately  reached.  I  must  repeat  that  I  know  not  the  slighter 
authority  for  the  statement  in  the  last  sentence  quoted  and  ca: 
gain  no  clear  idea  from  what  Mr.  Croll  says  on  the  subject 

In  considering  the  third  reason,  which  I  need  not  quote,  bu 
which  is  found  in  Mr.  CroU's  reply,  I  suggested  in  my  forme 
paper  what  I  supposed  to  be  a  reductio  ad  absurdum  of  Mi 
Uroll's  method  of  reasoning  by  pointing  out  the  apparent  conck 
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flion  that  two  bodies  oould  heat  each  other  up  by  their  mutual 
radiation.  I  supposed  he  would  disclaim  this  conclusion  and 
try  to  show  that  I  had  misunderstood  his  premises  in  drawing 
it,  but  be  apparently  accepts  its  possibility  as  a  logical  result 
of  Prevost's  well  known  theory  of  exchangea 

The  fourth  reason  may  be  summarily  disposed  of  in  the 
same  way  as  the  preceding  ones.  Let  the  reaaer  take  it  up  as 
presented  by  the  author;  let  him  substitute  quantitative  state- 
ments at  pleasure  for  the  words  "more  freely,"  ** greater," 
**  greater  difficulty,"  "  more  rapidly,"  "  of  higher  mean  tempe- 
rature," etc.,  and  let  him  also  bear  in  mind  that  it  is  stationary 
temperatures  and  not  quantities  of  heat  with  which  we  are 
ultimately  concerned  and  the  inconclusive  character  of  the 
reasoning  will  be  at  once  apparent 

I  shall  next  pass  to  the  question  of  the  non-melting  of  snow 
daring  a  short  perihelion  summer,  in  which,  as  I  stated  in  my 
former  review,  calculating  temperatures  by  Mr.  CrolPs  formula, 
we  should  have  a  mean  temperature  ranging  from  100^  to 
150^  Fahr.  I  had  to  acknowledge  some  embarrassment  from 
Ur.  CroU's  causes  producing  their  eflfects  through  the.  two  dia- 
metrically opposite  modes  of  operation,  to  wit : 

Ist.  By  making  the  air  exceedingly  transparent  and  thus 
permitting  radiation  into  spaca 

2(L  By  filling  the  air  with  fogs  and  thus  preventing  the  solar 
beat  from  reaching  the  ground. 

His  reply  to  this  is  that  he  did  not  suppose  the  fogs  and  the 
clear  atmosphere  to  exist  at  the  same  place  and  at  the  same 
time,  but  that  in  either  case  an  inability  on  the  part  of  the  sun's 
rajs  to  melt  the  few  inches  of  snow  which  could  have  fallen 
during  winter  would  have  resulted. 

I  see  no  use  in  arguing  this  point  for  the  simple  reason  that 
I  do  not  know  enough  about  the  relations  of  temperature  to 
the  aqueous  vapor  in  the  atmosphere  to  admit  of  my  saying 
anything  of  value  on  the  subject.  I  would  merely  remark 
that  I  cannot  see  in  Mr.  CrolFs  reasoning  the  slightest  ground 
for  admitting  that  the  perihelion  summer  radiation  would  pro- 
duce any  other  effect  than  it  does  now. 

I  am  surprised  that  Mr.  Croll  should  have  been  willing  to 
present  reasoning  so  obviously  inconclusive  as  that  in  which 
he  endeavors  to  show  that  my  objection  to  the  reliableness  of 
his  dates  for  glacial  epochs,  on  account  of  the  insufficiency  of 
the  fundamental  data  for  the  secular  variations  of  the  plane- 
tary orbits,  falls  to  the  ground.  My  objection  and  his  state- 
ment in  reply  I  can  leave  to  the  judgment  of  the  reader  who 
chooses  to  refer  to  them. 

I  conceive  that  some  general  remarks  on  the  nature  of  the 
problem  will  be  of  more  value  than  a  further  analysis  of  Mr. 
CroU's  reasoning.     It  is  an  observed  fact  that  we  now  have  a 
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glacial  epoch  at  a  comparatively  moderate  height  in  the  atmo- 
sphere and  on  the  tops  of  most  hi^h  ranges  of  mountains  far 
removed  from  the  equator.  It  is  evident  that  if,  at  any  former 
epoch,  the  state  of  things  at  the  surface  of  the  ground  was  the 
same  that  it  now  is  at  the  height  of  two  or  three  miles  in  th& 
atmosphere,  there  must  have  been  a  glacial  epoch.  Tp  what 
cause  are  we  to  attribute  the  cold  of  the  upper  regions  of  th& 
air?  There  are  two  known  causes  but  we  cannot  assign  aa 
exact  quantitative  effect  to  each. 

I.  The  passage  of  air  from  the  lower  to  the  upper  regions  is 
accompanied  by  expansion,  and  the  reverse  motion  by  com- 
pression, which  would  naturally  result  in  the  upper  regions  be- 
ing colder  than  the  lower :  the  exact  amount  of  cooling,  sup- 
posing no  disturbing  cause  to  come  into  play,  is  readily 
computed,  and  has,  I  think,  been  assigned  oy  Professor  Sir 
William  Thompson  and  others,  but  I  need  not  now  refer  to  the 
results. 

IL  Besearches  on  radiant  heat  seem  to  show  that  the  atmo- 
sphere absorbs  the  extreme  rays  of  the  spectrum,  especially 
those  of  greatest  wave  length,  more  powerfully  than  the  rays  of 
mean  wave  length.  The  rays  radiated  by  the  earth  are  of 
longer  wave  length  than  the  great  mass  oi  those  received  by 
the  sun.  The  natural  result  of  this  selective  absorption  would 
be  to  make  the  temperature  of  the  earth  higher  than  if  there 
were  no  atmosphere,  or  if  the  atmosphere  exercised  no  selec- 
tive absorption  on  heat  rays.  It  seems  probable  that  this  selec- 
tive absorption  is  due,  very  largely  if  not  entirely,  to  aqueous 
vapor  in  the  air.  If  this  be  so,  an  epoch  of  dry  air  would  be 
a  glacial  one. 

A  crude  test  of  the  eflScacy  of  the  first  cause  might  be  de- 
vised. In  order  that  it  may  act  it  is  essential  that  there  shall 
be  a  continuous  interchange  of  air  between  low  and  high  alti- 
tudes. Now  if  there  are  any  high  table  lands  so  extended  that 
in  their  central  portions  the  air  has  not  during  several  days  an 
opportunity  to  be  replenished  from  lower  regions,  such  air 
should  be  warmer  than  that  at  an  equal  height  on  isolated 
mountains.  Probably  the  conditions  for  such  an  observation 
do  not  exist  on  the  earth's  surface. 

In  conclusion  I  may  be  allowed  to  express  my  regret  at  not 
being  able  to  make  a  contribution  of  positive  value  to  the  in- 
vestigation of  this  subject.  The  state  of  the  question  is  about 
this:  A  well  founded  theory  of  terrestrial  temperature  can  be 
built  only  upon  an  accurate  knowledge  of  the  laws  of  emission 
and  absorption  of  radiant  energy  of  different  wave  lengths, 
especially  in  the  atmosphere,  and  the  result  will  appear  as  a 
numerical  calculation,  more  or  less  exact,  of  the  temperature 
resulting  from  assigned  conditfons,  and  not  as  the  conclusion  of 
an  argument  to  show  one  thing  or  another. 
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Abt.   V. — On  Photographing  the  Solar  Corona  without  an 
Eclipse;  by  William  Huggins,  D.C.L.,  LL.D.,  RRS. 

[In  the  number  of  this  Jouraal  for  last  February  is  a  state- 
ment, by  Dr.  Huggins,  of  his  method  of  photographing  the 
corona  of  the  sun  without  an  eclipse.  The  following  account 
of  his  more  recently  devised  metnods,  and  of  the  results  ob- 
tained, was  communicated  to  the  British  Association  at  South- 
port,  and  is  furnished  by  him  in  proof  from  the  British  Journal 
of  Photography  for  this  Journal.] 

I  am  indebted  to  Iifiss  Lassell  for  the  loan  of  a  seven-foot 
Newtonian  telescope  made  by  the  late  Mr.  Lassell.    The  spec- 
ulum, which  is  seven  and  a-quarter  inches  in  diameter,  pos- 
sesses great  perfection  of  figure,  and  still  retains  its  original 
fine  polish.     I  decided  not  to  use  more  than  three  and  a-half 
inches  of  the  central  portion  of  the  speculum — partly  for  the 
reason  that  a  larger  amount  of  light  would  be  difficult  of  man- 
agement, and   partly  because  this  restriction  of  the  aperture 
woald  enable  me  to  adopt  the  arrangement  which  is  shown  in 
the  diagram. 


It  will  be  seen  at  once  from  an  inspection  of  the  diagram 
that  in  this  arrangement  the  disadvantage  of  a  second  reflection 
by  the  small  mirror  is  avoided,  as  is  also  the  mechanical  in- 
convenience of  tilting  the  speculum  within  the  tube,  as  in  the 
ordinary  form  of  the  Herschelian  telescope.  The  speculum  b 
remains  in  its  place  at  the  end  of  the  tube  aa.  The  small 
plane  speculum  and  the  arm  carrying  it  were  removed.  The 
open  end  of  the  tube  is  fitted  with  a  mahogany  cover.  In 
this  cover  at  one  side  is  a  circular  hole/,  three  and  a-quarter 
inches  in  diameter,  for  the  light  to  enter ;  below  is  a  similar 
hole,  over  which  is  fitted  a  framework  to  receive  the  ^^ backs" 
containing  the  photographic  plates,  and  also  a  frame  with 
fine  ground  glass  for  putting  the  apparatus  into  position.  Imme- 
diately below,  towards  the  speculum,  is  fixed  a  shutter  with  an 
opening  of  adjustable  width,  and  which  can  be  made  to  pass 
across  more  or  less  rapidly  by  the  use  of  india-rubber  bands  of 
different  degrees  of  strength.  In  front  of  the  opening/is  fixed 
a  tube  c,  six  feet  long,  fitted  with  diaphragms,  to  restrict  as  far 
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as  possible  the  light  which  enters  the  telescope  to  that  which 
comes  from  the  sun  and  the  sky  immediately  around  him. 
The  telescope  tabe  aa  is  also  fitted  with  diaphragms,  which 
ar^  not  shDwn  in  the  diagram,  to  keep  from  the  plate  all  light 
except  that  coming  directly  from  the  specalam.  It  is  obWous 
that  when  the  sun*8  light  entering  the  tube/ falls  upon  the  cen- 
tral part  of  the  speculum  the  image  of  the  sun  will  be  formed 
in  the  middle  of  the  second  ooening  at  d,  about  two  inches 
from  the  position  it  would  take  if  the  tube  were  directed 
axially  to  the  sun.  The  exquisite  definition  of  the  photographic 
ims^^  of  the  sun  shows,  as  was  to  be  expected,  that  the  small 
deviation  from  the  axial  direction — two  inches  in  seven  feet — 
does  not  affect  sensibly  the  performance  of  the  mirror.  The 
whole  apparatus  is  firmly  strapped  on  to  the  reflector  of  the 
equatorial,  and  carried  with  it  by  the  clock  motion. 

The  performance  of  the  apparatus  is  Yery  satisfactory.  The 
photographs  show  the  sun  s  image  sharply  defined :  even  small 
spots  are  seen.  When  the  sky  is  free  from  clouds,  but  pre- 
sentincT  a  whity  appearance  from  the  large  amount  of  scattered 
lights  Uie  $un*s  image  is  well  defined  upon  an  uniform  back- 
gn>und  of  illuminated  sky,  without  any  great  increase  of  illu* 
mination  immediately  about  iL  It  is  only  when  the  sky  be* 
comes  clear  and  blue  in  color  that  coronal  appearances  present 
themselves  with  more  or  less  distinctness. 

In  my  eariier  work  with  this  apparatus  I  used  cells  contain- 
ing potaasic  pennaosanale  in  solution,  which  were  placed  close 
to  the  sensitive  sunace  and  between  it  and  the  shutter.  I 
was  much  troubled  by  the  rapid  decompaation  of  the  potassic 
pemianganate  under  the  influence  of  the  sun  s  lighL  When 
appAz^ently  clear  to  the  eve.  a  lens  revealed  minute  particles 
which  precipitaJ^  themaeives  upon  the  glas  plates  of  the  cell, 
arrd  ipve  aa  appearance  of  structure  to  any  coronal  appearance 
wiicjk  was  in  ttie  plate ;  besides,  any  diminutioD  of  the  trans- 
pAiesoy  of  the  solution  by  the  presenoe  of  minute  particles 
wouild  prv^:2ce  scattered  light  on  the  p;ate. 

I  4^^:  tried  a  deflation  ctf  iodine  in  carbon  disulphide^  but  the 
siuiiie  irPv»nreiL»ice  presented  itself.  Verv  scon,  under  the 
^^r/s  I%hi.  the  solution  was  f«>and  by  examinaxioB  with  a  lens 
fc>  siiow  si«s  of  codmeocsng  decociposiiion. 

Ev^ec  whea  ihe  snxution  was  sessibly  clear  th»e  was  some 
c.^saiv:L3:iage  irvvm  the  iirAvoSdable  iaiT'erfectfoQ  of  polish  of 
laie  s-^jibce  of' t^  pCates^  w  tk^h  reveals  ^tsexf  under  the  condi- 
tjoos  of  ssrocx  iicit  i*  which  they  are  plaeed.  IL  however, 
tire  vxyjes  jes>  rLass  whieii  I  osec  at  drst  o^*d  be  obtained 
<ai2ieajei  azc  free  &v>c2  ibe  inresfecsiOQs  ustuuly  present  in  it^ 
it  w^iijd  serve  si.>s  :2sef:iIIy  jis  a  seCeetive  siaeen. 

Fee  tMse  :!>«AM&  af^  axce  lacmth^'  w^ok  I  decided  «o  give 
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up  the  nse  of  absorb! Dg  media,  and  I.  came  to  the  conclcision 
thai  the  advantages  they  present,  which  are  doubtless  consider- 
able, are  more  than  balanced  by  the  possible  false  appearances 
which  they  might  give  rise  to  if  the  solutions  were  not  in  a 
condition  of  perfect  transparency. 

As,  for  the  reasons  stated  above,  it  seemed  desirable  to  avoid 
placing^  media  of  any  kind  before  the  sensitive  surface,  the 
selective  power  upon  the  light  had  to  be  sought  in  the  nature 
of  the  sensitive  surface  itself.     The  suggestion  of  staining  the 
film  presented  itself,  but  after  consultation  with  Captain  Abney 
I  decided  to  try  an  emulsion  containing  silver  chloride  only. 
Captain  Abney  kindly  prepared  some  silver  chloride  emulsion 
for  me,  and  the  plates  were  developed  with  a  solution  of  fer- 
rous-citro-oxalate.    The  silver  chloride  film,  according  to  Cap- 
tain  Abney,  is  strongly  sensitive  to  light  from  h  to  H,  and 
hardly  at  all  beyond  H.     Since  the  middle  of  July  these  plates 
have  been  used  as  well  as  the  ordinary  silver  bromide  gelatine 
plates.     A  comparison  of  the  two  kinds  of  plates,  when  used 
under  similar  conditions,  shows  a  decided  advantage  for  this 
vork  in   favor  of  the  silver  chloride.     All  the   plates  were 
backed  with  a  solution  of  asphaltum  in  benzole. 

For  the  purpose  of  screening  the  sensitive  surface  from  the 
intensely  bright  image  of  the  sun,  small  circular  discs  of  thin 
brass  were  turned  about  y'^th  of  an  inch  larger  in  diameter 
than  the  sun's  image.  The  brass  disc  was  held  close  before  the 
sensitive  surface  by  a  fine  metal  arm  when  the  sun  was  taken 
in  the  middle  of  the  field,  and  attached  to  the  inner  edge  of  a 
circular  diaphragm  when  the  sun's  image  was  placed  toward  the 
side  of  the  field.  A  comparison  of  photographs  taken  under 
similar  conditions  with  and  without  the  disc  showed  less  ad- 
vantage in  favor  of  the  disc  than  was  anticipated.  Indeed,  it 
may  he  that  with  the  short  exposures  given  tne  scattered  light 
which  comes  upon  the  plate,  when  the  sun's  image  falls  directly 
on  the  sensitive  surface,  may  be  favorable  to  the  setting  up  of 
the  photographic  action  by  the  comparatively-feeble  coronal 
light 

In  consequence  of  the  number  of  diaphragms  which  it  was 
found  desirable  to  introduce  into  the  apparatus  for  the  purpose 
of  preventing  any  light  but  that  from  the  sun  and  the  sky  im- 
mediately around  him  from  reaching  the  plate,  the  extent  of 
field  in  which  the  full  aperture  was  in  use  was  small.  For  this 
reason  it  was  found  of  advantage  to  place  the  sun's  image  near 
the  margin  of  the  diaphragm,  limiting  the  field,  and  afterwards 
to  combine  the  photographs  taken  in  four  different  positions. 

The  moving  shutter  being  placed  very  near  the  sensitive  sur- 
face, and  practically  in  the  focal  plane,  could  not  give  rise  to 
effects  of  diffraction  upon  the  plate ;  besides,  the  opening  in 
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the  shutter  was  never  leis  than  balf-an-inch  in  widtliy  and  often 
as  mach  as  an  inch  or  even  more,  aocording  to  the  sensitive- 
ness of  the  plates  used. 

The  most  serious  difficulty  with  which  I  have  had  to  contend 
has  been  the  absence  of  clear  skiea  On  many  days  of  bright 
sunshine  the  wind  has  been  in  a  northerly  direction,  bringing 
here  the  smoke  of  London,  which  produces  a  whity  condition 
of  sky,  through  which  it  was  obviously  hopeless  to  expect  the 
coroDal  light  to  show  itself  upon  the  plates.  The  few  occasions 
of  a  better  condition  of  sky  were  for  the  most  part  of  short 
duration,  and  did  not  allow  time  for  a  large  number  of  photo- 
graphs to  be  taken. 

During  the  summer  aboat  three  dozen  photographs  have 
been  obtained,  which  show  photographic  action  ab^ut  the  sun 
of  a  more  or  less  coronal  character. 

I  placed  these  plates  in  the  hands  of  Mr.  Wesley,  who  has 
had  very  great  experience  in  making  drawings  from  the  pho- 
tographs taken,  during  several  solar  eclipses,  with  the  request 
that  be  would  make  a  drawing  for  each  day  on  which  sufficient 
photographs  had  been  taken,  combininjg  the  results  of  the  dif- 
ferent photographs  in  one  drawing.  This  was  desirable,  as, 
whenever  a  sufficient  duration  of  sunshine  permitted,  photo- 

Sraphs  were  taken  on  silver  chloride  films  as  well  as  on  silver 
romide  platea  Some  photographs  were  taken  with  the  sun 
screened  by  the  brass  disc,  others  without  it;  also  photographs 
were  taken  with  the  sun  in  different  positions  of  the  fiel£  As 
a  rule,  Mr.  Wesley  has  introduced  into  his  drawings  those 
coronal  features  only  which  are  common  to  all  the  plates  taken 
on  that  day. 

The  apparatus  is  attached  to  the  refractor  of  the  equatorial 
in  such  a  way  that  the  direction  of  the  length  of  the  plate  is  in 
that  of  a  parallel  of  declination ;  a  line,  therefore,  across  the 
plate,  is  in  a  direction  north  and  south,  and  from  the  date  of 
the  photograph  the  angle  of  position  of  the  sun's  axis  can  be 
founo.  On  Mr.  Wesley's  drawings  the  orientation  is  marked, 
as  well  as  the  position  of  the  sun's  axis. 

Four  drawings  accompany  this  paper.  On  one  of  them 
(August  IS)  are  seen  defined  rays.  As  these  are  present  in 
three  photographs— one  in  which  the  sun  is  in  the  middle  of 
the  field  and  the  shutter  in  use,  a  second  in  which  the  sun  was 
nearly  in  the  middle  but  the  shutter  remained  open,  and  a 
third  with  the  sun  near  the  margin  of  the  field  and  screened 
by  a  disc — Mr.  Wesley  has  put  them  in  the  drawing.  In  most 
of  the  negatives  more  structure  than  is  shown  in  the  drawings 
is  suspected  when  the  plates  are  carefullv  examined. 

I  regretted  greatly  that  on  the  sixth  o^  May — the  day  of  the 
solar  eclipse — ^the  sky  here  was  very  unfavorabla 
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Up  to  the  time  of  writing  this  paper  I  have  not  seen  the 
photographs  taken  during  the  eclipse.    Mr.  Wesley  wishes  me 
to  say  that  he  has  not  seen  the  photographs,  or  any  drawings 
of  the  eclipse,  and  that,  therefore,  he  has  been  wholly  without 
bias  in  making  his  drawings  from  my  plates.     If  these  draw- 
ings are  compared  with  the  photographs  taken  during  the 
-ecBpse,  it  should  be  borne  in  mind  that  the  absence  of  sky- 
illumination  during  the  eclipse  would  allow  a  larger  part  of 
the  fainter  and  more  distant  regions  of  the  corona  to  be  photo- 
graphed,  and    that  any  peculiar  conformations  or    detailed 
structure  of  these  outer  portions  could  not  be  expected  to  be 
seen  on«iy  plates.    The  comparison  should  be  restricted  to  the 
regions  of  the  corona  at  corresponding  distances  from  the  sun's 
limb.    It  is  probable  that  the  short-exposure  eclipse  negatives 
will  be  found  to  admit  of  comparison  with  my  plates  better 
than  those  exposed  for  a  longer  time. 

Photographs  of  the  sun  have  been  taken  on  the  days  which 
follow : — 

April  2 1  plate.  June  20 1  plate. 

"  3 1      "  July  10 3  plates. 

«  6 2  plates.  "  15 ...2 

«*  26 5      "  August     3 2 

May  23 1  plate.  "  13. 1 

"  24 Opiates.  "  20 1 

"  31 5      **  Sept.         4 4 

Jane  6 3      « 

All  these  plates  show  a  more  or  less  distinct  coronal  appear- 
ance about  the  sun.  On  some  of  the  days  an  unfavorable 
wind  brought  here  the  London  smoke,  which  greatly  increased 
the  sky-illumination  relatively  to  the  coronal  light  which  could 
reach  the  plate.  On  these  days  the  photographic  action  on  the 
plates  around  the  sun,  though  distinctly  coronal  in  character, 
possesses  less  definiteness  of  form.  I  entertain  the  hope  that 
it  may  be  possible,  by  a  careful  comparison  of  all  the  plates,  to 
gain  some  information,  in  a  general  way,  of  the  amount,  and 
possibly  also  of  the  character,  of  any  large  changes  of  form  or 
of  relative  brightness  which  may  have  taken  place  in  the 
corona,  or  been  due  to  its  motion,  during  the  period  covered 
by  the  observations. 

[Professor  Stokes,  who  read  the  paper,  also  read  the  following 
letter  from  Mr.  Lawrence,  one  of  the  observers  of  the  eclipse  of 
May  6th,  at  Caroline  Island.] 

"Dr.  Huggins  called  upon  Mr.  Woods  this  morning  and 
showed  us  the  drawings  Mr.  Wesley  has  made  of  his  coronas. 
He  told  us  that  he  particularly  did  not  wish  to  see  our  negatives, 
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but  he  would  like  us  to  compare  his  results  with  ours.  We  did 
so  and  found  that  some  strongly  marked  details  could  be  made 
out  on  his  drawings,  a  rift  near  the  north  pole  being  especially 
noticeable.  This  was  in  a  photograph  taken  on  April  8d,  in 
which  details  of  the  northern  hemisphere  are  best  shown ;  while 
the  details  of  our  southern  hemisphere  most  resemble  the  photo- 
graph taken  on  June  6th.  In  fact  our  negatives  seem  to  hold 
an  intermediate  position.  Afterwards  I  went  with  Dr.  Hug- 
gins  and  Mr.  Woods  to  Burlincton  House  to  see  the  negatives. 
The  outline  and  distribution  of  light  in  the  inner  corona  of 
April  8d  is  very  similar  to  that  on  our  plate  which  had  the 
shortest  exposure,  the  outer  corona  is,  I  think,  hidded  bv  at- 
mospheric glare.  As  a  result  of  the  comparison,  I  should  say- 
that  Dr.  Huggins'  coronas  are  certainly  genuine  as  far  as  a 
from  the  limb." 
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by  F.  J.  Parsons. 

The  accompanying  set  of  elements  was  derived  from  the 
following  six  normal  places : 


G.  M.  T. 


March  26.5 
April  12.6 
May  25.6 
June  2.5 
July  9.5 
August  7.5 


Mean  B.  A. 
1882.0. 


271 
281 
55 
66 
166 
181 


36*46-9 
22  16-7 
34*2 
42-3 
16-35 
56'6 


56 
45 
59 
46 


Prob. 

No.  of 

Error. 

Obi. 

±071 

63 

±0-20 

70 

±0-46 

40 

±0-56 

18 

±0-59 

27 

±1-17 

12 

Mean 
6  1882.0. 


37 
49 
59 
44 
9 
4 


15 
49 
36 
36 
45 
14 


15-6 
151 

4-1 
27-1 
17-5 

3-7 


Prob. 

No.  of 

Error. 

Obi. 
61 

±0-41 

±0*66     70 

±0*28     40 

±0-53     17 

±1-3 

27 

±1-3 

12 

Ttme  of  Normal 
placM. 


Mar.  19-Apr.  3 
Apr.  4- Apr.  21 
May  21-May  2S 
June  1-June  5 
July  8-July  17 
Aug.  1-Aug.  16 


From  the  2d,  8d  and  5th  of  these  normal  places  a  prelimin- 
ary set  of  elements  was  computed  according  to  the  methods 
given  in  Gauss*  **Theoria  Motus,"  as  follows: 

T=  June  10-62908  /2=204°  66'  IS^'-ei  )  ^ 

log^=8-7836381  (W=:208*'  69'  SS'^-n  [■    ,^^0  ^^^ 

log  6=9-9999998  i=   73°  48'  34''-88  )     ^"^^  '^• 

Rectangular  equatorial  Coordinates 


9-9611128 
9-8608368 
9-9021186 


126**  22'63''-24  +  v; 
196°  51'  24''-61+t? 


With  these  elements  considering  the  eccentricity  equal  to 
unity,  comparison  was  made  with  all  six  normal  places,  in 
order  to  malce  the  final  corrections  to  the  preliminary  orbit  by 
means  of  a  least  square  solution. 
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The  differential  coefficients  with  respect  to  the  six  elements 
being  computed  for  the  six  normal  places  gave  twelve  equa- 
tions involving  the  following  unknown  quantities, 

«=  10000  dH. 

M  sin  y=zd  log  q  (Briggian)  or  y=      .^^^^ 

z=d);'=<?G?'-f  cos  i'd£l'  v=dD.' 

smu=de  or  de=-. — -j-,  w=idi'. 

sm  1 

It  was  not  thought  worth  while  to  apply  weights  systemati- 
cally according  to  the  number  of  observations,  but  as  the  last 
normal  place  seemed  to  have  considerably  less  precision  than 
the  others,  the  last  two  equations  were  given  a  weight  of  0*5012 
log  9'70000  as  a  convenient  approximation  to  a  weight  of  one- 
half. 

The  twelve  resulting  equations  being  solved  according  to 
the  method  of  least  squares  give  the  following  values  for  the 
unknown  quantities: 

x=  4"-4771itl"*468  «=—   2"-2662±0"-877 

y=     2-4213±:  4*214  v=H- 10*952  ±:2-495 

2  =  — l-4295i:  0-875  w=+   9035  ±2-739 

Substituting  these  values  in  the  equations  of  condition  gives 
for  the  sum  of  the  square^  of  the  residuals  [vt;]=22-02.  In  the 
solution  of  the  normal  equations  [7271*6] =22*09. 

From  these  unknown  quantities  the  following  corrections  to 
the  preliminary  elements  are  found 

(/T= +0-000448  ±0-000147       dfe=— 0*00001098^0*00000425 
(/log^=+0-0000051±0-0000089<^'=H-10"-952       ±2"-495 
rf(i)'=  — 8"*024       ±2"-644  di'=-^   9"-03o       ±2"-739. 

These  corrections  give  as  the  most  probable  values  of  the 
elliptic  elements, 

T=June  10-52953     G.  M.  T.  ±0*00015 
log  $'  =  8*7836432  ±0*0000089 
«=0-999989O2±0-00000425 
0=208°  59'  33^^*72  ) 

/2=204°  56'  29**49  V  Mean  Equinox  and  Ecliptic  1882*0 
i=  73°  48'  4l'-82  ) 

a?'  =  196°51'  16''-49±2''-644  ) 

/2'=210°  29'  12''-25±2'-495  V  Referred  to  Equator. 
i'=  52°  57'  4l''-04±2''-739  ) 

Rectangular  equatorial  coordinates, 


x=r 
y=r 


9-9611023 
9-8608362 
9-9021280 


sin  (126°  22'  49''-33  +  v; 
sin  (  61°  11'  58'-04  +  v 
sin  (196°  51'  16^-49 -fv) 
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These  elements  correspond  to  a  period  of  aboat  400,000 
years. 

Recompating  the  position  of  the  comet  for  the  dates  of  the 
six  normal  places  and  comparing  gives  the  following  results, 
the  column  headed  **t;"  being  the  residuals  obtained  by  sub- 
stituting in  the  equations  of  condition  the  values  found  above 
for  the  unknown  quantities. 


March 

April 

May 

June 

July 

August 

The  planetary  perturbations  being  small  have  not  as  yet 
been  taken  into  account,  as  I  intend  to  make  a  more  complete 
discussion  of  the  comet  when  all  the  observations  have  been 
published. 

Field  Memorial  Obseryatory,  WiUiamstown,  Mass. 


(5a  008  (5 

V 

dd 

V 

(C-O) 

(C-O) 

26.6 

H-1-36 

H-1-84 

+  1-01 

+  1-00 

12.5 

—0-86 

— 0-71 

— 1-81 

—  1-31 

26.6 

H-1-68 

+  1-52 

+  0-19 

+  0-17 

2.6 

— 0-61 

—0-60 

+  0-04 

+  0-03 

9.5 

+  0-87 

H-0-38 

—  2-33 

—216 

7.6 

—0-91 

-0-95 

+  4-30 

+  4-24 

Art.    VII.  —  The   Minnesota    Valley   in    the   Ice  Age ;  *    by 

Warren  Upham. 

This  article  is  based  upon  my  observations  as  assistant  on 
the  Geological  and  Natural  History  survey  of  Minnesota,  from 
1879  to  the  present  time,  under  the  direction  of  Professor  N. 
H.  Winchell,  the  State  geologist.  Some  portions  of  it  have 
been  before  published  in  the  annual  reports,  and  others  are  here 
presented  in  advance  from  manuscripts  prepared  for  the  final 
reports  of  this  survey. 

The  Minnesota  Eiver,  from  which  this  State  is  named,  has  its 
highest  and  most  remote  sources  upon  the  Coteau  des  Prairies, 
about  2000  feet  above  the  sea.  Its  head-stream,  after  flowing 
eastward  twenty  miles,  turns  southerly  at  Brown's  Valley  and 
enters  the  northwest  end  of  Big  Stone  Lake.  Here,  and  in 
its  whole  extent  thence  to  its  mouth,  the*  Minnesota  River 
occupies  a  very  remarkable  valley,  the  origin  of  which  was 
first  explained  in  1868  by  General  G.  K.  Warren,  who  attributed 
it  to  the  outflow  from  an  ancient  lake  that  filled  the  basin  of 
the  Red  River  and  Lake  Winnipeg.  This  valley  or  channel 
begins  at  the  northern  part  of  LaKC  Traverse  and  first  extends 
southwest  to  the  head  of  this  lake,  thence  southeast  to  Mankato, 

*  Read  August  16,  1883,  at  the  Minneapolis  meeting  of  the  American  Aasocia- 
tion  for  the  Advanoement  of  Science. 
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nod  next  north  and  northeast  to  the  Mississippi  at  Fort  Snell- 

iDg,  its  length  being  about  two  hundred  and  fifty  milea     Its 

width  varies  from  one  to  four  miles,  and  its  depth  is  from  one 

hundred  to  two  hundred  and  twenty-five  feet.     The  country 

through  which  it  lies,  as  far  as  Carver,  about  twenty-five  miles 

above  its  junction  with  the  Mississippi,  is  a  nearly  level  expanse 

of  till,  only  moderately  undulating,  with  no  prominent  hills  or 

notable   depressions,  excepting  this  deep  channel  and   those 

formed  by  its  tributary  streams.     Below  Carver  it  intersects  a 

belt  of  terminal  moraine,  composed  of  hilly  till.     Its  entire 

course  is  through  a  region  of  unmodified  drift,  which  has  no 

exposures  of  solid  rock  upon  its  surface. 

^lufis  in  slopes  from  twenty  to  forty  degrees,  and  rising  one 
hundred  to  two  hundred  feet  to  the  general  level  of  the  coun- 
try, form  the  sides  of  this  trough-like  valley.     They  have  been 
produced  by  the  washing  away  of  their  base,  leaving  the  upper 
portions  to  fall  down  and  thus  take  its  steep  slopes.     The  river 
ID  deepening  its  channel  has  been  constantly  changing  its 
coarse,  so  that  its  current  has  been  turned  alternately  against 
the  opposite  sides  of  its  valley,  at  some  time  undermining 
efery  portion  of  them.    In  a  few  places  this  process  is  still 
going  forward,  but  mainly  the  course  of  the  Minnesota  Eiver  is 
in  the  bottomland.     Comparatively  little  excavation  has  been 
done  by  the  present  river.     As  we  approach  its  source  it  dwin- 
dles to  a  small  stream  flowing  through  long  lakes,    and   we 
finally  pass  to  Lake  Traverse,  which  empties  northward;  yet 
along  the  upper  Minnesota  and  at  the  divide  between  this  and 
the  Red  Eiver,  this  valley  or  channel  and  its  enclosing  bluffs 
are  as  remarkable  as  along  the  lower  part  of  the  Minnesota 
River.    It  is  thus  clearly  shown  to  have  been  the  channel  of 
outflow  from  a  lake  formerly  extending  northward  from  Lake 
Traverse  along  the  Red  River  valley.     The  existence  of  this 
hody  of  water  is  believed  to  have  been  due  to  the  barrier  of 
the  receding    continental    ice-sheet,    obstructing    the   natural 
course  of  drainage  northward  as  at  present  to  Hudson  Bay ; 
and  it  is  therefore  called  Lake  Agassiz^  in  memory  of  Professor 
Louis  Agassiz,  the  first  prominent  advocate  of  the  theory  that 
the  drift  was  produced   by  land-ice.     The  shore  line  of  this 
lake,  when  it  stood  at  its  highest  level,  marked  by  a  distinct 
beach  of  gravel  and  sand,  upon  a  surface  which  on  each  side  of 
this  beach  is  chiefly  till,   has  been  traced  continuously  one 
hundred  and  seventy-five  miles,  from  Lake  Traverse  easterly  to 
Herman  and  thence  northerly  to  Maple  lake,  twenty  miles  east- 
southeast  from  Crookston.     The  height  of  this  beach  .has  been 
ascertained  at   the  same  time,   by  leveling  along  this  entire 
distance. 
The  Minnesota  valley  in  many  places  cuts  through  the  sheet 
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of  drift  and  reaches  the  underlying  rocks,  which  have  frequent 
exposures  along  its  entire  course  below  Big  Stone  Lake.    Thi» 
excavation  shows  that  the  thickness  of  the  general  drift-sheet 
upon  this  part  of  Minnesota  averages  about  one  hundred  and 
fifty  feet     The  contour  of  the  old  rocks  thus  brought  into- 
view  is  much  more  uneven  than  that  of  the  drift     In   the 
hundred  miles  from  Big  Stone  Lake  to  Fort  Ridgely  the  strata 
are  metamorphic  gneisses  and  granites,  which  often  fill    the 
whole  valley,  one  to  two  miles  wide,  rising  in  a  profusion  of 
knolls  and   hills,  fifty  to  one  hundred   feet  above  the  river. 
The  depth  eroded  has  been  limited  here  by  the  presence  of 
these  rocks,  among  which  the  river  flows  in  a  winding  course, 
crossing  them  at  many  places  in  rapids  or  falls.     From  New 
Ulm  to  its  mouth  the  river  is  at  many  places  bordered   by 
Cretaceous  and  Lower  Silurian  rocks,  which  are  nearly  level  in 
stratification.     These  vary  in  height  from  a  few  feet  to  fifty  or 
rarely  seventy-five  or  one  hundred  feet  above  the  river.     From 
Mankato  to  Ottawa  the  river  occupies  a  valley  cut  in  Shakopee 
limestone  underlain  by  Jordan  sandstone,  which  form  frequent 
bluffs  upon  both  sides,  fifty  to  seventy-five  feet  high.     After 
excavating  the  overlying  one  hundred  and  twenty-five  to  one 
hundred  and  fifty  feet  of  till,  the  river  here  found  a  former 
valley,  eroded  by  pre-glacial  streams.     Its  bordering  walls  of 
rock,  varying  from  one-fourth  of  a  mile  to  at  least  two  miles 
apart,  are  in  many  portions  of  this  distance  concealed  by  drift, 
which  alone  forms  one  or  both  sides  of  the  valley.     Tne  next 
point  at  which  the  river  is  seen  to  be  enclosed  by  rock-walls,  is 
in  its  last  two  miles,  where  it  flows  between  bluff's  of  Trenton 
limestone  underlain  by  St  Peter  sandstone,  one  hundred  feet 
high  and  about  a  mile  apart.     This  also  is  a  pre-glacial  channel, 
its  farther  continuation  being  occupied  by  the  Mississippi  River. 
The  only  erosion  effected  by  the  Minnesota  River  here  has  been 
to  clear  away  a  part  of  the  drift  with  which  the  valley  was 
filled.     Its  depth  at  some  earlier  time  was  much  greater  than 
now,  as  shown  by  the  salt-well  on  the  bottomland  of  the  Min- 
nesota River  at  Belle  Plaine,  where  two  hundred  and  two  feet 
of  stratified  gravel,  sand  and  clay  were  penetrated  before  reach- 
ing the  rock.     The  bottom  of  the  pre-glacial  channel  there  is 
thus  at  least  one  hundred  and  sixty-five  feet  lower  than  the 
mouth  of  the  Minnesota  River. 

Heights  of  the  bluffs,  which  form  the  sides  of  this  valley, 
composed  of  till  enclosing  layers  of  gravel  and  sand  in  some 
places,  and  frequently  having  rock  at  their  base,  are  as  follows, 
stated  in  feet  above  the  lakes  and  river:  along  Lake  Traverse, 
100  to  125 ;  at  Brown's  Valley  and  along  Big  Stone  Lake, 
mainly  about  125,  the  highest  portions  reaching  150 ;  at  Or- 
tonville,  180 ;  at  Lac  qui  Parle  and  Montevideo,  100 ;  at  Gran^ 
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ite  Falls,  150;  at  Minnesota  Falls,  165;  thence  to  Bed  wood 

Falls,  Fort  Ridgely  and  New  Ulm,  165  to  180 ;  at  Mankato, 

200  to  225;  at  Saint  Peter  and  Ottawa,  220  to  230;  at  Le 

Sueur  and  Henderson,  210  to  225 ;  at  Belle  Plaine  and  Jordan, 

about  230;  and  at  Shakopee,  210  to  220.     The  morainic  hills 

through  which  this  valley  extends  below  Shakopee  are  225  to 

250  feet  in  height.     The  expanse  of  till  through  which  this 

channel  is  eroded  slopes  from  1125  feet  above  the  sea  at  Big 

Stone  Lake  to  975  at  Mankato,  in  140  miles ;  and  thence  it 

descends  to  925  at  Shakopee,  in  50  miles.     This  channel  or 

valley  of  the  Minnesota  River  lies  nearly  midway  between  the 

belt,  on  its  northeast  side,  of  medial  and  terminal  moraines, 

that  extends  from  Lake  Minnetonka  150  miles  northwest  to 

the  Leaf  hills,  and  the  Coteau  des  Prairies  on  its  southwest 

side ;  toward  each  of  which,  some  fifty  miles  distant  from  this 

river,  there  is  a  gentle  ascent,  sufficient  to  cause  drainage  to 

follow  this  central  line. 

The  height  of  Lake  Traverse  is  970  feet  above  the  sea ;  the 
lowest  point  in  Brown's  Valley  between  this  and  Big  Stone 
Lake  is  only  three  feet  above  Lake  Traverse ;  Big  Stone  I^^ke 
is  962  feet  above  the  sea,  or  eight  feet  below  Lake  Traverse ; 
and  the  mouth  of  the  Minnesota  River  is  690  feet  above  the 
sea,  the  descent  from  Big  Stone  lake  to  the  mouth  of  the  river 
being  272  feet 

Lakes  Traverse  and  Big  Stone  are  from  one  to  one  and  a  half 
miles  wide,  mainly  occupying  the  entire  area  between  the  bases 
of  the  bluflFs,  which   rise  about  one  hundred  and  twenty-five 
feet  above  them.     Lake  Traverse  is  fifteen  miles  long ;  it  is 
mostly  less  than  ten  feet  deep,  and  its  greatest  depth  probably 
does  not  reach  twenty  feet     Big  Stone  Lake  is  twenty -six  miles 
long,  and  its  greatest  depth   is  reported  to  be  from  fifteen  to 
thirty  feet.     The  portion  of  the  channel  between  these  lakes  is 
widely  known  as  Brown's  Valley.      As  we  stand  upon  the 
bluffs  here,   looking  down  on  these  long  and  narrow  lakes  in 
their  trough-like  valley,  which  extends  across  the  ^vq  miles 
between  them,   where  the  basins  of  Hudson  Bay  and  the  Gulf 
of  Mexico  are  now  divided,  we  have  nearly  the  picture  which 
was  presented  when  the  melting  ice-sheet  of  British  America 
was  pouring  its  floods  along  this  hollow.     Then  the  entire  ex- 
tent of  the  valley  was  doubtless  filled  every  summer  by  a 
river  which  covered  all  the  present  areas  of  flood-plain,  in  many 
places  occupying  as  great  width  as  these  lakes. 

General  Warren  observed  that  Lake  Traverse  is  due  to  a 
partial  silting  up  of  the  channel  since  the  outflow  from  the 
Bed  River  basin  ceased,  the  Minnesota  River  at  the  south  hav- 
ing brought  in  sufficient  alluvium  to  form  a  dam ;  while  Big 
Stone  Lake  is  similarly  referred  to  the  sediment  brought  into 
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the  valley  just  below  it  by  the  Whetstone  River.  Fifteen  mile^ 
below  Big  Stone  Lake,  the  Minnesota  Biver  flows  through  a 
marshy  lake  four  miles  long  and  about  a  mile  wide.  This  may 
be  due  to  the  accumulation  of  alluvium  brought  into  the  valley 
by  the  Pomme  de  Terre  River,  which  has  its  mouth  about  two 
miles  below.  Twenty-five  miles  from  Big  Stone  Lake,  the 
river  enters  Lac  *qui  Parle,  which  extends  eight  miles  with  a 
width  varying  from  one-fourth  to  three-fourths  of  a  mile  and  a 
maximum  depth  of  twelve  feet  This  lake,  as  General  Warren 
suggested,  has  been  formed  by  a  barrier  of  stratified  sand  and 
silt  which  the  Lac  qui  Parle  River  has  thrown  across  the  valley. 
He  also  showed  that  Lake  Pepin  on  the  Mississippi  is  dammed 
in  the  same  way  by  the  sediment  of  the  Chippewa  River ;  and 
that  Lake  St  Croix  and  the  last  thirty  miles  of  the  Minnesota 
River  are  similarly  held  as  level  back-water  by  the  recent  de- 
posits of  the  Mississippi. 

All  the  tributaries  of  the  Minnesota  River  have  cut  deeply 
into  the  drift,  because  the  main  valley  has  given  them  the 
requisite  slope.  The  largest  of  these  extend  many  miles,  and 
havjO  their  mouths  level  with  the  bottomland  of  the  Minnesota 
River.  The  bluflFs  of  all  these  valleys  are  also  everywhere 
seamed  and  gullied  by  frequent  rills  and  springs,  many  of 
which  flow  only  after  rains.  Few  of  the  large  inlets  have  any 
great  amount  of  sediment  deposited  opposite  their  mouths, 
showing  that  their  excavation  was  mostly  done  at  the  same 
time  with  that  of  the  main  valley.  The  short  ravines  are  more 
recent  in  their  origin,  and  the  material  that  filled  their  place  is 
commonly  spread  in  fan-shaped,  moderately  sloping  banks  be- 
low their  mouths,  which  are  thus  kept  at  a  height  from  thirty 
to  forty  feet  above  the  present  flood-plain.  The  road  from  Fort 
Ridgely  to  New  Ulm  runs  along  the  side  of  the  bluflP  at  the 
only  height  where  a  nearly  level  straight  course  could  be  ob- 
tained, being  just  above  these  deposits  and  below  the  ravines. 

The  valleys  of  the  Pomme  de  Terre  and  Chippewa  Rivers,  75 
to  100  feet  deep  along  most  of  their  course,  and  one-fourth  of 
a  mile  to  one  mile  in  width,  were  probably  avenues  of  drainage 
from  the  melting  ice-fields  in  their  northward  retreat.  Between 
these  rivers,  in  the  twenty-two  miles  from  Appleton  to  Monte- 
video, the  glacial  floods  at  first  flowed  in  several  channels, 
which  are  excavated  forty  to  eighty  feet  below  the  general  level 
of  the  drift-sheet,  and  vary  from  an  eighth  to  a  half  of  a  mile 
in  width.  One  of  these,  starting  from  the  bend  of  the  Pomme 
de  Terre  River,  one  and  a  half  miles  east  of  Appleton,  extends 
fifteen  miles  southeast  to  the  Chippewa  River  near  the  center  of 
Tunsburg.  This  old  channel  is  joined  at  Milan  station  by  an- 
other, which  branches  oflF  from  the  Minnesota  valley,  running 
four  miles  east-southeast ;  it  is  also  joined  at  the  northwest 
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comer  of  Tunsburg  by  a  very  notable  channel  which  extends 
eastward  from  the  middle  of  Lac  qui  Parle.  The  latter  chan- 
nel, and  its  continuation  in  the  old  Pomme  de  Terre  valley  to 
the  Chippewa  Biver,  are  excavated  nearly  as  deep  as  tue  chan- 
nel occupied  by  the  Minnesota  River.  Its  west  portion  holds  a 
marsh  generally  known  as  the  "Big  Slough."  Lac  qui  Parle 
would  have  to  be  raised  only  a  few  feet  to  turn  it  through  this 
deserted  valley.  The  only  other  localities  where  we  have 
proof  that  the  outflow  from  Lake  Agassiz  had  more  than  one 
channel  are  seven  and  ten  miles  below  Big  Stone  Lake,  where 
isolated  remnants  of  the  general  sheet  of  till  occur  south  of 
Odessa  Station  and  again  three  miles  southeast.  Each  of  these 
former  islands  is  about  a  mile  long,  and  rises  seventh-five  feet 
above  the  surrounding  low  land,  or  nearly  as  high  as  the  bluffs 
eoclosing  the  valley,  which  here  measures  four  miles  across, 
having  a  greater  width  than  at  any  other  point. 

Terraces  and  high  plains  of  modified  drift,  found  in  many 
places  along  the  valley  of  the  Minnesota  Biver  from  New  Ulm 
to  its  mouth,  show  that  it  was  once  filled,  doubtless  at  the  close 
of  the  last  glacial  epoch,  with  strati fiedtgravel,  sand  and  clay, 
to  a  depth  75  to  150  feet  above  the  present  river.  The  rem- 
Danls  of  this  deposit  include  the  plateau  of  modified  drift, 
about  a  mile  long  and  an  eighth  of  a  mile  wide,  upoo  which 
the  west  and  highest  part  of  New  Ulm  is  built ;  a  terrace  in 
section  27,  Courtland,  opposite  the  southeast  part  of  New  Ulm, 
more  than  a  mile  long  and  about  an  eighth  of  a  mile  wide;  a 
larger  terrace,  four  miles  long  and  a  half  mile  wide,  lying  also 
in  Courtland,  four  to  eight  miles  southeast  from  New  Ulm, 
upon  which  Courtland  depot  is  situated;  a  terrace  extending 
about  three  miles  northwest  from  near  Minneopa  falls,  and 
varying  from  a  few  rods  to  a  third  of  a  mile  in  width ;  a  ter- 
race three  miles  long  east  and  south  of  Kasota;  the  *'Sand 
prairie,"  about  four  miles  long  and  averaging  a  mile  wide,  west 
and  north  of  Saint  Peter  ;  Le  Sueur  prairie,  six  miles  long  and 
from  one  to  three  miles  wide,  beginning  east  of  Ottawa  and 
reaching  to  Le  Sueur;  the  plain  five  miles  long  and  a  mile 
wide,  near  the  middle  of  which  Belle  Plaine  is  built ;  Spirit 
hill  and  "  Sand  prairie,'*  southwest  and  northwest  of  Jordan : 
a  terrace  eight  miles  long  and  varying  from  a  few  rods  to  two 
miles  in  width,  extending  through  San  Francisco,  Dahlgren 
and  Carver;  and  Shakopee  prairie,  eight  miles  long  and  aver- 
aging one  mile  wide.  The  height  of  these  terraces  and  plains 
at  New  Ulm  is  about  115  feet  above  the  river;  in  Courtland, 
and  near  Minneopa  falls,  125  to  150  feet;  at  Kasota,  Saint 
Peter  and  Le  Sueur,  about  150  feet;  at  Belle  Plaine,  about 
135;  and  at  Jordan,  Carver  and  Shakopee,  about  125.  Wells 
on  the  *'  Sand  prairie"  near  Saint  Peter  and  on  Le  Sueur  prairie 
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go  through  sand  and  gravel,  sometimes  with  layers  of  clay,  to 
the  depth  of  75  or  100  feet,  finding  till  below.  At  Belle 
Plaine  the  sand  and  gravel  are  about  fifty  feet  deep,  underlain 
by  till.  Shakopee  prairie  has  forty  or  fifty  feet  of  this  modi- 
fied drift,  lying  upon  limestone.  The  principal  remnant  of 
these  deposits  seen  below  Shakopee  was  a  terrace  about  seventy- 
five  feet  high,  an  eighth  to  a  third  of  a  mile  wide  and  four 
miles  long,  extending  through  Eagan  in  Dakota  county,  its 
north  end  being  about  two  miles  south  of  Fort  Snelling.  This 
valley  was  first  excavated  in  till  which  rises  in  continuous 
bluflFs  on  each  side  50  to  100  feet  above  these  high  plains  and 
terraces  of  modified  drift.  It  was  afterward  filled  along  this 
distance  %i  one  hundred  miles  next  to  its  mouth  with  nuvial 
deposits  75  to  150  feet  thick,  sloping  about  two  feet  per  mile, 
through  which  the  channel  has  been  cut  anew. 

With  this  general  view  of  the  valley  of  the  Minnesota  river 
as  it  exists  to-day,  we  are  prepared  to  inquire  more  particularly 
what  its  history  was  during  the  vicissitudes  of  the  ice  age  and 
from  the  close  of  that  period  until  now.  Its  condition  at  the 
beginning  of  the  reiga  of  ice  first  claims  consideration.  Dur- 
ing what  ages  was  its  pre-glacial  rock-walled  channel  formed? 
This  is  in  part  answered  by  deposits  of  Cretaceous  clay  found 
in  water-worn  hollows  of  the  Shakopee  limestone  forming  the 
walls  of  this  channel  at  numerous  places  in  Blue  Earth,  Le 
Sueur  and  Nicollet  counties,  and  by  the  occurrence  in  this  val- 
ley in  Courtland  and  New  Ulm  and  near  Fort  Eidgely  and 
Eedwood  Falls,  of  Cretaceous  sandstone,  clay  and  shale,  occa- 
sionally containing  lignite.  It  is  thus  known  that  before  the 
Cretaceous  age,  when  Western  Minnesota  and  the  region  of  the 
upper  Missouri  were  depressed  and  covered  by  the  sea,  a  deep 
channel  had  been  cut  by  some  river  in  the  Lower  Magnesian 
strata  of  the  Minnesota  valley.  The  slopes  from  each  side 
toward  this  channel  appear  therefore  to  have  been  partly  like 
those  of  the  present  day.  The  direction  of  drainage  may  even 
have  been  the  same  as  now,  for  the  northern  part  of  the  Mis- 
sissippi River  and  valley  has  probably  existed  since  the  middle 
of  Paleozoic  time. 

Scanty  exposures  of  Cretaceous  strata  are  found  in  many 
parts  of  Minnesota,  enclosing  sometimes  marine  shells,  some- 
times impressions  of  leaves,  and  at  a  few  places  thin  layers  of 
lignite.  The  western  two-thirds  of  the  State  were  probably  cov- 
ered until  the  glacial  period  by  deposits  of  this  age  which  have 
now  been  mainly  eroded,  with  much  from  the  underlying  Pale- 
ozoic rocks,  and  constitute  a  part  of  the  drift,  irrecognizably 
mingled  with  detritus  and  bowlders  that  have  been  Drought 
from  Laurentian  and  Huronian  areas  far  to  the  north  and  north- 
east.    Excepting  its  partial  submergence  by  the  sea  in  the  Ore- 
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taceoas  age,  Minnesota  seems  to  have  stood  wholly  above  the 
level  of  the  ocean  from  the  beginning  of  the  Carboniferous  pe- 
riod till  the  present  day. 

Before  the  ice  age  the  rocks  had  been  long  subjected  to  the 
ordinary  disintegrating  agencies  of  rain  and  frost.  Granite 
and  gneiss  were  thus  generally  decomposed  in  place  to  a  con- 
siderable depth.  The  loose  material  resulting  from  such  decay 
was  doubtless  spread  somewhat  evenly  over  the  surface,  collect- 
ing to  the  greatest  depth  in  valleys.  Except  where  it  had  been 
transported  by  streams  and  consequently  formed  stratified  de- 
posits, the  only  fragments  of  rock  held  in  this  mass  would  be 
from  underlying  or  adjoining  rocks. 

During  the  ice  age  the  Cretaceous  strata,  mostly  unconsoli- 
dated, which  covered  Western  Minnesota,  the  superficial  depos- 
its and  decomposed  rock  produced  by  weathering,  and  the  allu- 
vial beds  of  sand  and  gravel  along  the  river-courses,  were  mostly 
Slowed  up  by  the  ice  and  thoroughly  kneaded  with  each  other. 
[uch  detritus  was  also  added  from  erosion  of  the  harder  rocks 
beneath.  Large  blocks  and  bowlders,  often  alreadv  formed  by 
the  process  of  weathering,  were  borne  away,  and  the  surface  of 
the  bed-rock  was  worn  and  striated  by  bowlders  and  pebbles, 
which  were  rolled  and  dragged  along  under  the  vast  weight  of 
ice,  breaking  up  and  grinding  themselves  and  the  underlying 
rock  into  gravel,  sand  and  even  the  finest  clay. 

Ledges  of  decomposed  gneiss  and  granite,  found  in  the  Min- 
nesota valley  at  many  points  from   Minnesota  Falls  to  Fort 
Ridgely,  with  their  surface  changed  to  a  soft  earthy  or  clayey 
mass,  resembling  kaolin,  and  the  Cretaceous  beds  before  men- 
tioned, both  of  which  would  readily  yield  to  eroding  agencies, 
show  that  the  moving  ice-sheet  did  not  everywhere  plow  up 
all  the  loose  material  under  it.     A  considerable  depth,  how- 
ever, has  probably  been  removed ;  and  these  may  be  scanty 
remnants  of  thick  beds  which  covered  this  region  generally  be- 
fore the  glacial  period.     More  commonly  the  ice-sheet  removed 
all  such  material,  and  gathered  a  part  of  its  drift  from  the  un- 
derlying solid  rocks ;  as  is  shown  by  their  being  frequently 
rounded,  smoothed    and    marked  with    parallel    furrows   and 
scraiches,  called  striae.     Similarly  scratched  pebbles  and  bowl- 
ders are  found  in  the  glacial  drift     These  were  the  graving 
tools  by  which  the  bed-rock  was  worn  and  striated.     They  were 
held  firmly  by  being  frozen  in  the  bottom  of  the  ice  and  were 
poshed  forward  by  its  current,  which  thus  recorded  its  direc- 
tion.   Our  observations  of  glacial  striae  in  the  Minnesota  val- 
ley are  as  follows :  one  to  three  miles  southeast  from  the  foot 
of  Big  Stone  Lake,  S.E. ;  near  Odessa,  S.E. ;  at  Granite  Falls, 
in  several  places,  S.  45^-50°  E. ;  at  the  dam  of  0.  K.  mill,  Bea- 
ver Falls,  S.  60®  E. :  one  and  a  half  miles  west  from  Fort 
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Bidgely,  S.  60^  E. ;  at  Redstone,  one  and  a  half  miles  southeast 
from  New  Ulm,  S.  26°  E. ;  at  Jordan,  noted  by  Foss,  Wells  & 
Co.,  in  quarrying  and  oa  the  site  of  their  mill,  S.E. 

Within  the  till  are  frequently  found  layers  of  sand  or  gravel, 
which  yield  the  large  supplies  of  water  so  often  struck  in  dig- 
ging wells.  Probably  many  of  these  veins  of  modified  drift  were 
formed  by  small  sub-glacial  streams  and  therefore  cannot  be 
regarded  as  marking  divisions  of  the  glacial  period,  nor  even 
any  important  changes  in  the  overlying  ice.  It  appears,  how- 
ever, by  shells,  remains  of  vegetation,  and  trees,  found  deeply 
buried  between  glacial  deposits  in  this  and  adjoining  States, 
that  the  ice  age  was  not  one  unbroken  reign  of  ice,  but  that 
this  retreated  and  re-advanced,  or  was  possibly  at  some  time 
nearly  all  melted  upon  the  northern  hemisphere  and  then  accu- 
mulated anew.  Thus  periods  of  ice  alternated  with  interglacjal 
epochs,  in  which  animal  and  vegetable  life  spread  again  north* 
ward,  following  close  upon  the  retreat  of  tne  ice-nelds.  By 
each  new  advance  of  the  glacial  sheet  much  of  the  previous  sur- 
face would  be  ploughed  up  and  re-deposited  ;  hence  we  find 
only  few  and  scanty  remnants  of  fossiliferous  beds  in  the  Rlacial 
drift.  At  the  disappearance  of  the  last  ice-sheet  these  drifted 
materials,  seldom  modified  by  water  in  their  deposition,  formed 
a  mantle  100  to  200  feet  thick,  which  throughout  the  basin  of 
the  Minnesota  River  almost  universally  covered  the  older 
rocks. 

[To  be  oonduded.] 


Abt.    VIII.  —  On    the    so-called    Dimorphism    in    the    Oenus 

Cambarxia ;  by  Walter  Faxon. 

The  existence  of  two  forms  of  the  adult  male  in  all  the 
species  of  the  genus  Chmbarus  was  discovered  by  Louis  Agassis 
and  Henry  James  Clark.     The  difterences  between  the  two 
forms  affect  more  especially  the  first  pair  of  abdominal  append- 
ages, organs  concerned  in  the  act  of  coition,  but  also  extend  U>- 
the  general  form  and  sculpture  of  the  body.     In  one  form  (un« 
happily  called  by  Dr.  Hagen  the  '*  second  form  "),  the  first  paic^ 
of  abdominal  appendages  have  a  structure  nearly  like  that  seen 
in  all  young  males.     The  hooks  on  the  third  joint  of  the  third 
(in  some  species  of  the  third  and  fourth)  pair  of  legs  are  small, 
and  in  the  sculpture  of  the  shell  and  shape  of  the  claws,  this 
form  approaches  the  female.     In  the  other  form  (Hagen's  "first 
form  "),  the  articulation  near  the  base  of  the  first  pair  of  abdom* 
inal  appendages  is  gone  and  the  whole  member  is  much  more 
highly   specialized,   the  terminal    hooks  being   homy,  more 
widely  separated  and  \^  ^~-y  way  more  highly  developed ;  ia 
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those  species  with  bifid  tips  to  these  appendages,  the  branches 
are  longer,  slenderer,  more  widely  separated  and  stiffer;   the 
hooks  on  the  thoracic  legs  are  longer  and  more  perfectly  finished ; 
the  scolpture  of  the  whole  body  is  more  pronoanced  and  the 
claws  are  larger  and  more  powerful.     No  intermediate  condi- 
tions are  found,  and  there  is  no  relation  between  these  forms 
and  the  size  of  the  individual,  the  *'  second  form ''  being  large 
and  the  ^'  first  form  "  small,  or  vice  versa.    Hence  we  are  for- 
bidden to  interpret  the  two  forms  as  stages  in  ordinary  devel- 
opment.    Dr.  fiagen  has  shown*  that  in   individuals  of   the 
"second  form ''  the  internal  generative  organs  are  smaller  than 
in  the  "  first  form,"  but  having  only  alcoholic  material  he  was 
Qoable  to  determine  anything  concerning  the  presence  or  ab- 
sence of  spermatozoa.     He  interprets  the  facts  as  a  case  of 
dimorphism  and  surmises  that  the  **  second  form ''  males  are 
sterile  individuals. 

In  the  autumn  of  1875,  I  received  a  lot  of  living  Cambarus 
rusticus  Girard,  from  Kentucky,  males  of  the  "  first  form  "  and 
females,  which  bred  freelv  in  confinement.     After  pairing,  three 
of  the  males  moulted  and  were  thrown,  while  in  the  soft-shelled 
state,  into  alcohol  together  with  their  exuviae.     An  examina- 
tion of  these  specimens  now  reveals  the  fact  that  the  soft-shelled 
specimens  are  all  of  the  '^second  form,"  their  exuvisa  of  the 
'*  first  form  !"     After  attaining  the  "  first  form  "  and  after  pair- 
ing, the  same  individual   has  reverted  to  the  **  second  form." 
It  is  now  clear  that  we  are  not  dealing  with  a  case  of  true 
dimorphism  such  as  is  well  known  among  insects  and  plants, 
but  it  appears  probable  that  the  two  forms  of  the  crayfish  are 
alternating  periods  in  the  life  of  the  individual,  the  "  firat  form  " 
being  assumed  during  the  pairing  season,  the  "second  form" 
during  the  intervals  between  the  pairing  seasons.     It  is  to  be 
inferred  that  before  the  animal  is  again  capable  of  reproduc- 
tion, another  moult  will  bring  it  again  into  the  *'  first  form." 

The  fact  that  large  collections,  made  at  one  time  and  place, 
often  contain  only  one  or  a  great  preponderance  of  one,  form  of 
the  male,  is  now  explained. 

I  have  also  before  me  a  male  specimen  of  Cambarus  propin- 
juitf  Girard,  from  Wisconsin,  belonging  to  tbe  Peabody  Museum 
of  Yale  College,  which  was  taken  in  the  act  of  moulting.  The 
old  shell  is  "  first  form,"  the  soft  shell  emerging  from  it  is 
''second  form.'' 

It  is  remarkable  that  two  forms  of  the  male  have  not  been 
delected  in  any  other  genus  of  crayfishes. 

Fritz  Miiller  (Fiir  Darwin)  has  pointed  out  the  existence  of 
two  forms  of  the  male  in  the  genera  Tanais  and  Orchestia  which 
he  considers  as  truly  dimorphic  forms.  It  is  possible  that  these 
«e  to  be  explained  in  the  same  way  as  the  two  forms  of  the 
nude  Oambartis, 
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Sach  a  change  as  this  connected  with  the  reprodactive 
periods  is  unparalleled,  so  far  as  I  know,  among  the  Inverte* 
orata,  and  even  among  the  Yertebrata ;  the  cases  of  partial 
atrophy  of  the  generative  organs  or  shedding  of  antlers  (as  in 
the  stag)  after  the  rut  is  over  are  hardly  comparable. 

At  the  time  I  had  the  specimens  alive  my  attention  had  not 
been  drawn  to  the  questions  relating  to  the  two  forms  of  the 
males,  so  that  I  failed  to  make  anatomical  examination,  and 
the  specimens  have  now  lain  too  long  in  alcohol  to  be  service- 
able for  internal  dissection.  I  hope,  however,  that  naturalists 
who  are  more  favorably  situated  will  be  able  to  throw  more 
light  on  this  subject 

I  will  add  that  the  males  of  extraordinary  size  which  I  have 
seen,  are  all  of  the  "first  form."  Do  these  very  old  individuals 
cease  to  moult  ?  Do  they  become  permanently  capable  of  re- 
production ? 

Muaeam  of  Comparative  Zoology,  Cambridge,  Kass^  Nov.  12,  1883. 


Abt.    IX. — Evolution  of  the  American    TroUing  Horse;   by 

Francis  K  Nifheb. 

In  the  November  number  of  this  Journal,  Mr.  W.  H.  Picker- 
ing has  criticised  the  method  of  reduction  used  in  my  paper  in 
the  July  number,  and  has  reached  a  conclusion  very  dinerent 
from  my'own.     I  wish  to  discuss  his  criticisms  briefly. 

Mr.  Pickering  thinks  it  objectionable  to  determine  the  valot 

of  -=  or  the  change  in  speed  per  year,  by  taking  alternate  dif* 

ferences  in  s  and  T,  and  he  has  reduced  the  observations  by 
taking  the  differences  between  consecutive  values  in  the  table. 
In  this  way  he  gets  the  values  in  the  third  column  in  the  table 
below. 


« 

Tear. 

ds 
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1 

1 

1 
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ds 
Plotting  the  values  of  ^  and  the  corresponding  values  of  5, 

he  then  goes  on  to  say,  that  the  points  so  determined  may  be 

repreaented  by  a  curve  such   that  the  value  of  —  increases 

when  that  of  s  diminishes.  Assuming  as  I  had  done,  that  a 
straight  line  will  represent  the  values,  be  determines  the  values 
of  the  constants,  and  finds  that  the  line  intersects  the  8  axis  at 
1  point  where  8  is  —25.  This  would  mean  that  the  horse 
would  finally  trot  a  mile  in  less  than  no  time. 
When  making  the  first  discussion  of  the  subject,  the  writer 

considered  the  propriety  of  determining  -^  by  means  of  conse- 
cutive differences,  and  unfortunately  rejected  the  method  with- 
oat  even  giving  it  a  trial,  for  the  reason,  that  the  dates  1881  "0 
and  1878"3  were  very  imperfectly  determined.  It  was  clear 
that  the  additional  point  gained  would  deserve  very  little 
weight  It  was  thought  best  to  smooth  the  line  by  combining 
these  with  previous  and  belter  determined  dates.  Properly 
used,  one  of  these  methods  is  probably  as  reliable  as  the  other. 
But  when  Mr.  Pickering's  method  is  used,  it  becomes  abso- 
lutely necessary  to  take  into  account  the  fact,  that  the  different 

fdues  of  -=  are  determined  with  very  different  degrees  of  pre- 
cision, Mr.  Pickering  has  given  them  all  equal  weight,  and  this 
is  the  fatal  defect  which,  it  seems  to  me,  entirely  vitiates  the  con- 
clusion reached  by  him.  A  reference  to  fig.  1  of  my  phper  in  the 
July  number,  will  show  that  for  the  earlier  dates,  from  1854*0 
down  to  1872*6  the  graphically  determined  dates  differ  from 
the  real  dates  when  the  record  was  actually  lowered,  by  from 
one  to  two  years.  It  will  also  be  seen  that  the  dates  1878*3 
and  1881*0  are  subject  to  errors  which  may  be  as  great  as  two 
years. 

After  having  made  a  preliminary  examination,  these  dates 
might  indeed  have  been  **  adjusted,"  so  as  to  make  them  agree 
belter  with  the  others,  and  this  without  giving  a  **  cooked" 
appearance  to  the  reduction ;  but  they  now  stand  exactly  as 
they  did  when  first  determined  and  before  any  other  work  had 

ds 
been  done.     I  have  plotted  the  new  values  of  -^7=,  with  the 

values  of  *,  and  the  line  representing  the  values  so  as  to  give 
most  weight  to  the  best  determined  values,  I  find  to  be  repre- 
sented by  the  equation 

da 

-P=,=  — 1-24 +  0-0127  8. 
ax 


46  F.  E.  Nipher — Avneriocm  Trotting  n<yr%t. 

This  line  is  nearly  coincident  with  the  line  marked  A  A  in 
the  diagram  in  Mr.  rickering*s  paper. 

From  this  equation  the  values  of  —  were  calculated  as  given 

in  the  fourth  column  of  the  table  above.  The  fifth  column, 
headed  E,  gives  the  time  in  years  by  which  the  corresponding 
time  intervals  (2T  must  be  increased,  in  order  to  bnng  Mr. 

Pickering's  values  of  —  of  the  third  column,  into  accordance 

with  the  values  calculated  from  the  above  equation.  In  this 
case  the  intervals  were  supposed  to  be  separately  adjusted.  If 
the  later  dates  were  simultaneously  adjusted  by  intervals  rang- 
ing from  a  quarter  to  three-fourths  of  a  year,  the  values  whicn 
Mr.  Pickering  prefers  to  use  would  agree  exactly  with  the 
values  calculated  from  the  last  equation.  Now  it  is  perfecUy 
clear,  that  these  later  dates,  and  particularly  the  last  two,  are 
subject  to  just  such  errors  as  this.     If  the  date  1881*0  were 

made  1882-8,  the  value  of  ^  instead  of  being  0*75  would  be 
0-44. 

Whatever  these  values  of  -r^  may  be  said  to  prove,  there- 
fore, they  do  not  prove  that  my  results  as  before  published 
were  absurd,  and  they  do  not  indicate  a  limiting  speed  of  oae 

d$ 

mile  in  26  seconds  less  than  no  time,  but  when  -t;=,=0  the 

aT 

value  of  5  from  the  last  equation  is  98  seconds. 

I  desire  to  express  my  thanks  to  Mr.  Pickering  for  his  sug« 
gestion  and  his  friendly  criticism,  as  he  has  corrected  a  tendency 
which  I  had  begun  to  feel,  to  attach  too  much  importance  to 
the  numerical  results  reached  ;  but  I  maintain  that  bis  method^ 
correctly  applied,  gives  in  general,  substantially  the  same 
result  as  my  own.  It  is  not  necessary  to  assert  that  this  result 
is  really  correct,  if  any  person  feels  inclined  to  doubt  it  lonljt 
insist  that  the  conclusion  that  the  trotting  horse  will  finally  trot 
his  mile  in  about  the  same  time  that  the  running  horse  will 
run,  is  not  unwarranted  by  the  facts  which  we  now  know. 

Most  horsemen  seem  to  think  that  the  limiting  speed  of  the 
trotting  horse  will  be  somewhere  near  a  mile  in  120  seconds 
If  this  were  true,  the  differential  equation  could  hardly  be  a 
linear  one.     The  equation 

ds  ^ 

might,  however,  represent  the  valae%  L  being  the 
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value  of  $.    But  this  equation  gives  on  integration  an  equation 
of  the  form,  

Aooording  to  this  equation  the  horse  would  absolutely  reach 

the  limiting  speed  in  a  finite  time  -jr.    Practically  this  may  be 

time,  as  is  in  fact  shown  by  my  own  equation  (4)  in  the  July 
Dumber,  so  that  some  such  equation  might  really  represent  the 
results  sufficiently  for  all  practical  purposes.  But  the  relation 
is  DOt  a  rational  one,  since  it  cannot  be  supposed  that  the  horse 
will  really  attain  his  limiting  speed  in  a  finite  time.  After  he 
had  come  within  a  thousanath  of  a  second,  it  would  take  a 
mighty  effort,  and  a  great  interval  of  time  to  compass  the  next 
miuionth  of  a  second. 

Moreover  this  equation  will  not  hold  after  the  limiting  space 
shall  have  been  attained,  since  it  is  the  equation  of  a  parobola, 
and  the  value  of  $  will  then  begin  to  increase,  which  is  evi- 
dently absurd. 

Waihington  Unhrersity,  Nov.  10,  ISSS. 


Art.  X. — On  the  Origin  of  Joints  Structure;  by  G.  K,  Gilbert. 

Ix  the  number  of  this  Journal  for  July,  1882,  the  writer 
pointed  out  that  existing  theories  of  the  origin  of  joint  structure 
were  unsatisfactory.  His  note  appears  to  nave  excited  interest 
and  borne  fruit.  Mr.  McGee,  in  the  February  number  of  the 
Jonrnol,  has  made  a  suggestion  on  the  subject,  and  Messrs. 
Walling  and  Crosby  have  elsewhere  published  theories. 

Mr.  McGee  suggests  **  that  the  vertical  compression  and  con- 
seqaent  lateral  expansion  of  beds  beneath  areas  of  deposition 
^  may  produce  incipient  slaty  cleavage  along  certain  lines  per- 
haps determined  by  crystalline  structure,  and  that  the  vertical 
expansion  and  consequent  lateral  contraction  of  the  same  beds, 
when  lightened  by  denudation  and  subjected  to  cooling  and 
desiccation,  may  develop  such  lines  in  the  jointage  planes." 

It  can  scarcely  be  questioned  that  incipient  joints  are  devel- 
oped into  actual  joints  and  open  crevices  by  contraction  due  to 
cooling  and  desiccation ;  but  it  seems  hardly  admissible  to  com- 
pare the  initiatory  process  as  conceived  by  Mr.  McGee  to  slaty 
cleavage.     In  slaty  cleavage  division  planes  are  normal  to  the 
direction  of  pressure,  while  Under  this  hypothesis  they  are  par- 
4iIIel  to  that  direction. 

MCi  Walling  and  Mr.  Crosby  independently  propose  the  the- 
mj  lh«t  jointed  structure  is  produced  by  earthqualces.     Mr. 
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Walling's  paper  appears  in  the  proceedings  of  the  Montreal 
meeting  of  the  American  Association  for  the  Advancement  of 
Science.  Mr.  Crosby's,  which  is  the  more  elaborate,  was  read 
to  the  Boston  Society  of  Natural  History  in  October,  1882. 

Mr.  Crosby  shows,  first,  that  the  earthquake  vibration,  by 
subjecting  the  imperfectly  elastic  material  through  which  it 
passes  to  alternate  stress  and  tension,  is  competent  to  produce 
fractures ;  second,  that  such  fractures  would  be  normal  to  the 
direction  of  wave  propagation,  and  therefore  vertical,  except  in 
the  immediate  vicinity  of  the  earthquake  focus,  where  they 
might  be  oblique  ;  third,  that  such  fractures,  although  actually 
curved,  would  have  generally  so  great  a  radius  of  curvature  as 
to  be  sensibly  plane;  fourth,  that  they  would  be  parallel;  and 
fifth,  that  the  suddenness  of  the  earthquake  shock  would  tend 
to  produce  smooth  fractures  even  in  heterogeneous  material. 
All  these  points  sustain  the  hypothesis,  and  their  collective 
effect  is  to  give  it  great  strength.  There  are,  however,  two 
features  of  joint  structure  with  which  the  theory  does  not  prima 
facie  consist. 

In  the  first  place  the  angle  of  Intersection  of  two  co-existent 
s^'stems  of  joints  is  usually  high.  This  is  recognized  as  a  diflB- 
culty  by  Mr.  Crosby,  and  he  says  in  explanation,  **that,  after 
the  rocks  have  been  broken  by  one  set  of  joints,  the  layers  or 
sheets  thus  formed  possess  a  strong  natural  tendency  to  break 
at  right  angles ;  and,  under  such  circumstances,  oblique  vibra- 
tions may  give  rise  to  rectangular  fractures  and  blocks."  If  I 
rightly  understand  him,  he  refers  by  the  expression,  "  strong 
natural  tendency,'*  to  the  comparative  ease  with  which  an  elon- 
gated body  of  amorphous  material  may  be  broken  in  the  direc- 
tion of  its  least  diameter,  a  property  evidently  dependent  on 
the  fact  that  fracture  through  the  smallest  diameter  involves 
the  overcoming  of  cohesion  through  a  surface  of  minimum  area« 
If  this  were  the  true  explanation  of  the  high  angle  assumed  by 
secondary  joints,  each  of  the  layers  between  primary  joints 
would  be  affected  independently  and  the  planes  of  cross-joint- 
ing would  be  discontinuous.  With  continuous  planes  of  cross- 
jointing,  the  total  cohesion  overcome  is  not  diminished  by  any 
modification  of  attitude. 

A  somewhat  difi^erent  explanation  has  occurred  to  me  as  pos- 
sible. It  is,  that  after  one  set  of  joints  has  been  established 
normal  to  an  original  direction  of  earthquake  impulse,  a  second 
impulse,  somewhat  oblique  to  the  first,  may  have  its  tensions 
relieved  by  the  existing  joints,  and  for  this  reason  fail  to  pro- 
duce a  new  set.  An  impulse  at  right  angles  to  the  original 
direction  would  produce  tensions  not  at  all  relieved  by  tbe 
existing  joints,  and  would  initiate  a  series  dividing  tbe  terrane 
into  rectangular  blocks.    The  defect  of  this  explanation  is  tJ^at 
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in  diminishiDg  one  difficulty  it  increases  another,  as  will  pres- 
ently appear. 

Tae  second  feature  of  joint  structure  which  occasions  diffi- 
culty with  the  earthquake  theory  is  that  the  angle  of  intersec- 
tion of  coexistent  systems  is  sometimes  very  small.  Mr.  Jukes, 
in  his  Manual,  mentions  5°  as  a  measured  angle ;  and,  without 
being  able  to  cite  measurements,  the  writer  bi^Iieves  he  has 
observed  angles  as  small  as  that.  The  considerations  set  forth 
in  the  preceding  paragraph  sufficiently  explain  how  this  phe- 
nomenoD  constitutes  a  difficulty. 

If  these  two  features  can  be  satisfactorily  explained,  there 
•eems  no  bar  to  the  substitution  of  the  earthquake  theory  for 
those  previously  entertained. 


Abt.  XI.  —  A  Theory  of  Vie  Earthquakes  of  the  Oreat  Basin^ 
with  a  practical  application;  by  G.  K.  Gilbert. 

[From  the  Salt  Lake  Tribune  of  Sept  20,  1883.] 

There  are  many  geologists  who  are  very  wise,  but  even 
they  do  not  uncierstand  the  forces  which  produce  mountains. 
And  yet  it  must  be  admitted,  not  only  that  mountains  have 
been  made,  but  that  some  mountains  are  still  rising.  The 
mysterious  forces  appear  to  act  in  different  ways  in  different 
places,  and  it  is  p)ossible  that  their  nature  is  not  universally  the 
same.  Suffice  it  to  say  that  in  the  Great  Basin  the  movements 
they  cause  are  vertical.  It  is  as  though  something  beneath 
eaeh  mountain  was  slowly,  steadily,  and  irresistibly  rising, 
carrying  the  mountain  with  it. 

In  yielding  to  this  all-compelling  upward  thrust,  the  earth's 
crust  sometimes  bends  and  stretches,  but  more  often  it  breaks; 
and  when  it  breaks,  the  fracture  occurs  in  a  peculiar  place.  It 
does  not  run  along  the  medial  axis  of  the  mountain,  but  along 
one  margin.  On  one  side  of  the  fracture  the  crust  is  lifted 
and  tilted;  on  the  other  side  it  either  sinks  or  remains  undis- 
inrbed.  The  uplifted  part  of  the  crust  is  the  mountain,  and 
the  storms  carve  out  its  cafions;  the  unlifted  part  remains  a 
lowland  or  valley,  and  receives  the  debris  washed  out  from  the 
cafions. 

A  mountain  is  not  thrown  up  all  at  once  by  a  great  con- 
Fulsive  effort,  but  rises  little  by  little.  The  subterranean 
upthrust  is  continuous  and  slow,  and  would  produce  a  continu- 
ous upward  movement  of  the  mountain  if  the  mountain's 
weight  were  the  only  resisting  factor.  But  there  is  also  a  great 
friction  to  overcome,  the  friction  along  the  surface  of  fracture 
i)etween  the  rising  and  stationary  parts  of  the  crust ;  and  fric- 
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tioD  *gives  to  slow   motion    an    aninterrupted    or  rhythmic 
cliaracter. 

The  disagreeable  jarring  of  a  railway  car  while  the  brake  ia 
set  is  due  to  the  interruption  of  motion  by  friction,  the  wheels 
alternately  sliding  and  stopping.  The  musical  vibration  of  a 
violin  stnng  is  due  to  the  alternate  cohesion  and  sliding  of  the 
bow  upon  it,  and  fails  when  the  friction  of  the  bow  is  insuffi- 
cient Attach  a  rope  to  a  heavy  box  and  drag  it  slowly,  by 
means  of  a  windlass,  across  a  floor.  As  the  crank  is  turned, 
the  tension  of  the  rope  gradually  increases  until  it  suffices  to 
overcome  the  starting  friction,  as  it  is  called.  Once  started, 
the  box  moves  easily,  because  sliding  friction  is  less  than 
starting  friction.  The  rope  shortens  or  sags  until  its  tension  is 
only  sufficient  for  the  sliding  friction,  and  it  would  continue  in 
that  state  but  that  the  box,  having  acquired  momentum,  is 
carried  a  little  too  far.  This  slacks  the  rope  still  more,  and  the 
box  stops,  to  be  started  only  when  the  tension  again  equals  the 
starting  friction.  In  this  way  the  box  receives  an  uneven, 
jerky  motion. 

Something  of  this  sort  happens  with  the  mountain.  The 
upthrust  produces  a  local  strain  in  the  crust,  involving  a  certain 
amount  of  compression  and  distortion,  and  this  strain  increases 
until  it  is  sufficient  to  overcome  the  starting  friction  along  the 
fractured  surface.  Suddenly,  and  almost  instantaneously,  there 
is  an  amount  of  motion  sufficient  to  relieve  the  strain,  and  this 
is  followed  by  a  long  period  of  quiet,  during  which  the  strain 
is  gradually  reimposed.  The  motion  at  the  instant  of  yielding 
is  so  swift  and  so  abruptly  terminated  as  to  constitute  a  shock, 
and  this  shock  vibrates  through  the  crust  with  diminishing 
force  in  all  directions.  Movable  objects  are  displaced,  and  the 
soil,  which  is  movable  as  compared  with  solid  rock,  is  cracked. 
In  consequence  of  earth  cracks,  subterranean  waters  find  new 
channels,  leading  to  the  stoppage  of  some  sprinffs  and  the 
starting  of  others.  In  fine,  all  the  phenomena  or  an  earth- 
quake are  produced. 

This  is  not  a  univereal  theory  of  earthquakes — some  of  them 
are  doubtless  to  be  accounted  for  in  a  different  way;  but  it 
affords  a  sufficient,  and  I  do  not  doubt  that  it  affords  the  true, 
explanation  of  the  earthquakes  of  the  Great  Basin.  In  this 
region  a  majority  of  tbe  mountain  ranges  have  been  upraised 
by  the  aid  of  a  fracture  at  one  side  or  the  other,  and  iuL 
numerous  instances  there  is  evidence  that  the  last  increase  of 
height  was  somewhat  recent 

Let  us  look  a  moment  at  this  evidence.  The  material  eroded 
from  a  mountain  by  the  elements  is  washed  out  through  the 
caflons  and  deposited  in  the  adjacent  valleys.  The  coarser 
part  of  it  lodges  at  the  mountain  base,  and  is  built  into  a 
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sloping  mass  called  the  foot-slope,  or  colloquially  the  "  bench." 
Wnen  an  earthquake  occurs,  a  part  of  the  foot-slope  goes  up 
with  the  mountain,  and  another  part  goes  down  (relatively) 
with  the  valley.    It  is  thus  divided,  and  a  little  cliff  marks  the 
line  of  division.     A  man  ascending  the  foot-slope  encounters 
here  an  abrupt   hill,  and  finds   the  original   grade   resumed 
beyond.     This  little  cliflF  i&,  in  geologic  parlance,  a  "fault- 
scarp/'  and  the  earth  fracture  which  has  permitted  the  moun- 
tain to  be  uplifted  is  a  *^  fault."     In  the  course  of  time  the 
same  slow  process  of  erosion  and  deposition  which  originally 
formed  the  foot-slope  restores  its  shape  and  obliterates  the  fault- 
scarp.     When  a  mountain  ceases  to  grow,  its  fault-scarp  soon 
disappears;  and  conversely,  when  we  find  a  fault-scarp  at  the 
base  of  a  mountain,  we  are  assured  that  the  uplifting  force  has 
DOt  ceased  to  act     Fault-scarps  have  now  been  found  at  the 
bases  of  so  many  ranges  of  the  Great  Basin,  that  it  is  safe  to 
say  that  the  subterranean  forces  are  generally  active  in  this 
region,  and  this  is  especially  true  of  all  the  large  mountain 
masses.     The  Wasatch  is  a  conspicuous  example,  and  residents 
of  this  city  need  not  go  far  for  ocular  demonstration.     A  fault- 
scarp,  thirty  or  forty  feet  high,  divides  the  powder  houses  north 
of  the  Hot  Spring,  so  that  some  of  them  stand  above  and  some 
below  it,  ana  considerable  grading  was  necessary  to  lead  the 
road  to  the  upper  magazines.     With  one  exception,  all  the 
lime  kilns  between  the  powder  houses  and  the  Warm  Springs 
are  built  in  the  face  of  the  fault-scarp,  the  lime  rock  being  con- 
veniently delivered  to  the  kilns  from  the  upper  level,  and  the 
lime  as  conveniently  drawn  out  at  the  lower  level.     At  the 
mouth  of  Little  Cottonwood  Cafion,  a  smelter  has  been  built 
on  the  edge  of  the  upper  bench  for  the  convenience  of  dump- 
ing its  slag  over  the  lault-scarp.      At  the  mouth  of  Spanish 
Fork  Cafion,  the  D.  &  R  G.  Bailroad  encounters  the  scarp,  and 
the  engineers  have  started  an  embankment  a  long  way  back  to 
climb  it     Similar  features  may  be  seen,  with  rare  intervals,  all 
along  the  mountain  base  from  Nephi  to  Willard. 

The  fault-scarps  of  the  Wasatch  follow  the  western  base. 
Those  of  the  Sierra  Nevada  follow  the  eastern  base;  and  it 
happens  that  one  of  them  has  been  formed  since  the  settlement 
of  the  country.  It  occurred  in  1872,  and  produced  one  of  the 
most  notable  earthquakes  ever  recorded  in  the  United  States. 
The  height  of  the  scarp  varies  from  five  to  twenty  feet,  and  its 
length  is  forty  miles.  Various  tracts  of  land  were  sunk  a 
number  of  feet  below  their  previous  positions,  and  one  tracts 
several  thousand  acres  in  extent,  was  not  only  lowered,  but 
carried  bodily  about  fifteen  feet  northward.  The  ground  was 
cracked  in  various  directions,  and  several  springs  permanently 
disappeared.     All  houses  of  adobe  or  stone  in  the  immedinte 
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vicinity  were  thrown  down,  and  about  thirty  persons  lost  their 
lives.  In  the  little  town  of  Lone  Pine,  numbering  some  three 
hundred  inhabitants,  twenty-one  were  killed  by  falling  walls. 

There  was  only  one  violent  shock,  and  the  damage  was  all 
done  in  a  few  seconds,  but  for  two  months  there  were  occasional 
tremors.  Theoretically,  the  main  strain  of  fhe  earth's  crust 
was  relieved  at  once,  but  a  complete  equilibrium  was  brought 
about  more  slowly. 

The  surviving  inhabitants  of  Lone  Pine  observed  that  the 
only  houses  that  remained  standing  were  of  wood,  and  iu  re- 
building they  employed  that  material  exclusively.  Such  a 
course  was  natural,  but  1  conceive  that  their  precaution  was 
unnecessary.  They  may,  indeed,  feel  feeble  shocks  propagated 
from  earthquakes  centering  elsewhere,  but  in  their  own  locality 
the  accumulated  eartliquake  force  is  for  the  present  spent,  and 
many  generations  will  probably  pass  before  it  again  manifests 
itseli.  The  old  maxim,  **  Lightning  never  strikes  the  same 
spot  twice,"  is  unsound  in  theory  and  false  in  fact;  but  some- 
thing similar  might  truly  be  said  about  earthquakes.  The  spot 
which  is  the  focus  of  an  earthquake  (of  the  type  here  discussed) 
is  thereby  exempted  for  a  long  time.  And  conversely,  any 
locality  on  the  fault  line  of  a  large  mountain  range,  which  has 
been  exempt  from  earthquake  for  a  long  time,  is  by  so  much 
nearer  to  the  date  of  recurrence—  and  just  here  is  the  applica* 
tion  of  what  I  have  written.  Continuous  as  are  the  fault* 
scarps  at  the  base  of  the  Wasatch,  there  is  one  place  where 
they  are  conspicuously  absent,  and  that  place  is  close  to  this 
city.  From  the  Warm  Springs  to  Emigration  Cafion  fault- 
scarps  have  not  been  found,  and  the  rational  explanation  of 
their  absence  is  that  a  very  long  time  has  elapsed  since  their 
last  renewal.  In  this  period  the  earth  strain  has  been  slowly 
increasing,  and  some  day  it  will  oveicome  the  friction,  lift  the 
mountains  a  few  feet,  and  re-enact  on  a  more  fearful  scale  the 
catastmphe  of  Owens  Valley. 

It  is  useless  to  ask  when  this  disaster  will  occur.  Our  occu- 
pation of  tiie  country  has  been  too  brief  for  us  to  learn  how 
fast  the  Wasatch  jrrows;  and,  indeed,  it  is  onl}'  by  such  dis- 
asters that  we  can  lenrn.  By  the  time  exj)erience  has  taught 
us  this.  Salt  Lake  City  will  have  been  shaken  down,  and  its 
surviving  citizens  will  have  sorrowfully  rebuilt  it  of  wood  ;  to 
uso  a  homely  rigure.  the  horse  will  have  escaped,  and  the  bam 
diX^r,  all  toi>  late,  will  have  been  closed  behind  him. 

When  tiie  earthquake  comes,  the  severest  shock  is  likely  to 
i.xvur  alonsj  liie  line  of  the  great  fault  at  the  foot  of  the  moun- 
tain. Tliis  line  follows  the  upper  etlge  of  the  upper  bench 
Ivom  Big  CottonwcKKl  Caiion  to  the  ride  targets  back  of  Fort 
Douglass,  cutting  across  each  creek  just  where  it  ijsues  from 


Chemistry  cmd  Physics.  53 

between  walls  of  bed-rock,  and  passing  only  a  short  distance 
back  of  the  fort.  At  a  point  not  far  north  of  the  targets,  the 
fault  divides;  one  branch  continuing  northward,  across  the 
spar,  toward  Farmington  ;  the  other  taming  westward,  running 
just  back  of  that  hopeless  artesian  boring,  and  following  the 
upper  edge  of  the  gravel  bench  to  the  vicinity  of  the  Warm 
Springs.  Should  the  earthquake  follow  the  former  of  these 
branches,  the  city  will  not  fare  so  badly  as  the  fort;  should  it 
follow  the  latter,  or  follow  both,  city  and  fort  will  alike  suffer 
severely. 

What  are  the  citizens  going  to  do  about  it?  Probably 
nothing.*  They  are  not  likely  to  abandon  brick  and  stone  and 
adobe,  and  build  all  new  houses  of  wood.  If  they  did,  they 
would  put  themselves  at  the  mercy  of  fire ;  and  fire,  in  the  long 
run,  unquestionably  destroys  more  property  than  earthquakes. 
It  is  the  loss  of  life  that  renders  earthquakes  so  terrible.  Pos- 
sibly some  combination  of  building  materials  will  afford 
security  against  both  dangers. 


SCIENTIFIC     INTELLIGENCE. 

I.  Chemistry  and  Physics. 

1.  On  the  constitution  qf  Bleachiiig  Powder, — The  composition 
of  bleaching  ponder  has  long  been  a  subject  of  discussion.  The 
original  formula  of  Gay  Lussac  coiTesponds  to  Ca(OCl),  +  CaCl„ 
while  Odling  gives  the  formula  Cl-Ca-OCl  and  Stahlschmidt  the 
formula  HO-Ca-OCl.  O'Shka  has  investigated  the  matter  anew 
in  a  way  which  throws  much  light  upon  it.  He  distinguishes  at 
the  outset  between  bleaching  powder  as  a  whole  and  the  special 
oiidizing  compound  contained  in  it  which  he  calls  the  bleaching 
compound.  That  the  molecule  of  the  latter  contains  CIO  has 
been  placed  beyond  doubt  by  the  researches  of  Kopf  er.  The  ques- 
tion to  be  solved  is  whether  the  elements  of  water  or  of  calcium 
chloride  enter  in  any  way  into  the  molecule.  Stahlschmidt  repre- 
sents the  formation  of  bleaching  powder  thus : 

Hence  it  must  contain  free  calcium  chloride.  Odling's  formula 
presupposes  the  non-existence  of  free  calcium  chloride.  The 
author  sought  to  determine  therefore,  (1)  the  proportion  of 
Ca(C10)„  of  CaCl,,  and  of  CaCOH),  in  dry  bleaching  powder,  (2) 
the  existence  of  free  CaCl,  and  (3)  the  composition  of  the  residue 
after  removal  of  the  CaCl,.  Pure  lime  was  hydrated  and  analyzed. 
It  yielded  from  21*27  to  39'02  per  cent  of  water  in  different  sam- 
ples.   It  was  then  exposed  to  chlorine  until  no  further  increase  in 
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weight  was  observed.  In  order  to  fix  the  ratio  of  moleculeSy  the 
total  lime  was  precipitated  as  oxalate,  the  total  chlorioe  deter- 
mined by  boiling  with  ammonia  and  precipitation  with  silver 
nitrate,  the  available  chlorine  by  Hansen's  method,  the  calcium 
hydrate  by  boiling  with  ammonia,  evaporating  to  dryness,  extract- 
ing with  alcohol,  and  weigliing  the  residue,  and  the  water  by 
igniting  with  lead  oxide  and  weighing  the  evolved  water  in  a  cal- 
cium chloride  tube.  Since  half  the  available  chlorine  is  the  actual 
chlorine  combined  with  oxygen,  the  total  chlorine  less  one  half 
the  available  chlorine  is  the  chlorine  not  combined  with  oxygen 
and  the  total  CaO,  less  the  free  CaO,  is  the  CaO  combined  with 
chlorine,  all  the  needed  values  are  obtained  from  the  above  data. 
Six  examples  of  the  bleaching  powder  were  analyzed  aad  the  re- 
sults show  that  it  contains  the  elements  of  calcium  hypochlorite 
and  calcium  chloride  in  equal  molecular  proportions,  but  that  the 
amount  of  calcium  hydrate  is  variable,  contrary  to  the  conclusion 
of  Stahlschmidt.  The  calcium  chloride  present  in  the  bleaching 
powder  was  extracted  by  alcohol,  and  the  total  lime,  the  free  lime, 
and  the  total  and  available  chlorine  determined  in  the  residue. 
The  results  show  that  in  the  bleaching  compound  the  lime  is  to 
the  total  chlorine  as  1 : 2,  to  the  actual  oxidizing  chlorine  as  1 : 1 
and  the  actual  oxidizing  chlorine  is  to  the  total  chlorine  as  1:2; 
all  of  which  conditions  are  fulfilled  and  fulfilled  only  by  the  form- 
ula of  Odling.  The  author  therefore  coiiclude's:  (1)  that  the  ex- 
cess of  calcium  hydrate  present  in  bleaching  powder  is  not  a 
constant  quantity;  (2)  that  the  formula  of  the  bleaching  com- 
pound is  Cl-Ca-OCl ;  and  (3)  that  by  the  action  of  water  this 
compound  undergoes  decomposition  as  follows :  (Cl-Ca-0C1),= 
Ca(OCl),-f  CaCl,.— j;  Chem.  Soc,  xliii,  410,  Oct.,  1883.     G.  p.  b. 

2.    On  the  presence  of  Sulphurous  oxide  in  the  air  of  JLiUe, — 
Ladureau  has  examined  the  atmospliere  in  Lille  with  a  view  to 
determine  the  presence  of  sulphurous  oxide  in  it.     His  attention 
was  first  called  to  the  matter  by  noticing  that  blue  litmus  paper' 
became  red  when  exposed  to  the  outer  air,  and  by  the  peculia^^ 
characteristic    after -taste  sometimes  observed,  on  breathing  it;.^ 
Accordingly  an  aspirator  of  ten  liters  capacity  was  installed  m  i^ 
garden  in  the  interior  of  the  city,  the  air  being  drawn  through  tw^> 
U  tubes  containing  pumice  moistened  with  pure  sulphuric  aci<^ 
and  fragments  of  pure  potassium  hydrate,  placed  successively 
then  through  Liebig's  potash  bulbs.     The  experiment  continue^} 
for  several   months,  many  hundred   cubic  meters  of  air  having 
passed  through  the  apparatus.     The  potassium  sulphites  and  sul- 
phides  were  then  oxidized   to  sulphates  and  the  sulphuric  acid 
determined  as  barium  sulphate.     As  a  result  it  appeared  that  each 
hectoliter  of  the  air  which  passed  through  the  apparatus  contained 
0*18  cubic  centimeters   of  sulphurous  oxide  or  1'8  c.  c.  per  cubic 
meter.     The  experiment  was  repeated,  taking  a  time  when  the  air 
was  quiet,  and  the  result  showed  2*2  c.  c.  of  sulphurous  oxide  to 
the  cubic  meter.     On  the  other  hand,  the  amount  fell  to  1*4  c.  a 
when  the  weather  was  windy.     On  examining  the  rain  water  of 
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tbe  place,  earefally  collected,  the  sulphur  products  corresponded 
to  a  coDteDt  of  sulphuric  acid  of  0*022  grams  per  liter  or  2*2  grams 
per  hectoliter. — Ann,  Chem.  PAy«.,  V,  xxix,  427,  July,  1883. 

G.  F.  B. 

3.   On  the  cUomic  weight  of  Antimony, — Bongastz  has  made 
ft  series  of  determinations  of  the  atomic  weight  of  antimony  using 
for  the  purpose  a  method  proposed  by  Classen  which  consists  in 
oxidizing   by  means  of  hydrogen  peroxide,   the   hydrogen   sul- 
phide set  free  from  antimonous  sulphide  by  hydrogen  chloride. 
nire  antimony  chloride,  fractionatea  six  or  eight  times,  was  di- 
gested with  ammonium  sulphide  in  excess  in  a  platinum  basin 
ftod   the    metal   precipitated   by   means   of   electrolysis   with   a 
Siemeoa  magneto-electric  machine.     It  was  obtained  in  brilliant 
plates  from  which  the  last  traces  of  sulphur  were  removed  by 
TQsioD  with  sodium  carbonate  and  subsequent  washing  with  dilute 
hydrogen  chloride.     The  finely  divided  metal  was  heated  with  a 
concentrated  solution  of   potassium  sulphide,  the    solution  was 
saturated  with  hydrogen  sulphide,  and  precipitated  with  sulphuric 
acid.    The  washed  antimonious  sulphide  was  treated  as  described 
by  Classen,  i.  e.,  placed  in  a  fiask  with  dilute  hydrochloric  acid, 
and  the  escaping  hydrogen  sulphide  passed  through  a  vertical 
tube  filled  with  glass  beads  over  which  an  ammoniacal  solution  of 
hydrogen  peroxide  trickled.     The  last  traces  of  H,S  were  washed 
oot  by  a  current  of  CO,,  the  absorption  tube  was  rinsed  with  dis- 
tilled water,  the  solution  acidulated  and  the  sulphuric  acid  deter- 
nuued  as  barium  sulphate.     The  results  of  twelve  experiments 
areas  follows :  120-170, 120*157, 120*091, 120106, 120*114, 120*1 75, 
120*3»0,  120*305,  120*310,  120*155,  120*206,  120*139;  the  mean  of 
all  being  120*193.     This  atomic  weight  confirms  the  values  here- 
tofore obtained   by  Schneider  and  by  Cooke. — Ber,  Berl.  Chem. 
OtL,  xvi,  1942,  Sept.,  1883.  o.  p.  b. 

4.  On  the  constitution  of  Galician  Petroleum.  —  Lachowicz 
has  submitted  to  examination  the  petroleum  from  Borvslaw  in 
Galicia,  using  for  the  purpose  first  the  commercial  fraction  hav- 
ing a  boiling  point  from  30°  to  125°.  This  was  separated  into 
three  portions,  of  which  the  first  boiled  below  50°,  the  second  be- 
tween 50°  and  80°  and  the  third  between  80°  and  110°.  From 
the  first,  isopentane  boiling  at  29°-30°,  and  normal  pentane,  boil- 
iog  at  37°,  were  obtained.  From  the  second,  a  nonual  hexane, 
boiling  at  60°  to  61°,  and  a  secondary  hexane  boiling  at  70°  were 
obtained ;  and  from  the  third  a  heptane  boiling  at  98*2°  to  99*4°, 
was  Beparated.  In  examining  higher  commercial  fractions  for 
hydrocarbons  of  the  marsh  gas  series,  nonaue,  boiling  at  147*5° 
to  148*5°,  and  decane,  at  152°  to  153°  were  separated.  Careful 
examination  failed  to  discover  in  Galician  petroleum  any  trace  of 
hydrocarbons  of  the  ethylene  series.  Two  fractions,  one  boiling 
from  30°  to  126°,  mentioned  above,  the  other  from  20°  to  110°,  as 
also  the  crude  petroleum,  were  examined  for  hydrocarbons  of  the 
aromatic  series,  and  yielded  benzene,  toluene,  isoxylene  and  me- 
aitylene.      The  hydrogenized    aromatic   hydrocarbons  found  by 
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Beilstein  and  Eurbatow  in  Caucasian  petroleum,  thoneh  probably- 
present  as  shown  by  the  specific  gravity,  were  not  isolated.  The 
traction  of  Caucasian  petroleum  boiling  between  95^  and  100^ 
has  a  specific  gravity  or  0*748,  while  the  similar  Galician  fraction 
has  a  specific  gravity  of  0*7291  and  that  from  American  petroleum 
one  of  0'7102. — Liebig  Ann.^  ccxx,  188,  Aug.,  1883.         g.  f.  b. 

5.  On  the  preparation  of  Mesitf/lene, — Vabennb  has  made  a 
series  of  experiments  on  the  preparation  of  mesitylene  based  on 
the  fact  that  this  hydrocarbon  results  from  a  condensation  of 
tliree  molecules  of  acetone  with  the  elimination  of  three  mole- 
cules of  water.  The  process  which  he  prefers  is  as  follows :  The 
acetone  (3  molecules  or  180  grams)  is  raized  with  300  grams  of 
sulphuric  acid  and  allowed  to  stand  for  an  hour.  Then  it  is  dis- 
tilled over  a  naked  fire,  the  heat  being  made  uniform  over  the 
lower  surface  of  the  vessel.  Toward  the  end  when  the  mass 
swells  up,  a  current  of  steam  is  passed  into  the  flask,  the  fire  is 
extinguished,  and  the  operation  stopped  when  no  more  strisd  of  ' 
mesitylene  are  seen  on  the  condenser  tube.  The  yield  is  satisfac- 
tory, the  1 80  grams  of  acetone  giving  40  grams  of  crude  product. 
It  is  purified  by  washing  with  sodium  carbonate,  by  solution  in 
ether  and  by  distillation  from  calcium  chloride. — JBulL  Soc  Ch.y 
n,  xl,  266,  Oct,  1883.  G.  F.  B. 

6.  On  certain  derivixtives  of  BenziL — Bubton  has  studied  a 
compound  obtained  by  Zinin  by  acting  with  hydrogen  cyanide 
upon* an  alcoholic  solution  of  benzil.  It  is  an  addition  product 
or  the  formula  C,^H  0,(CHN),  and  was  regarded  as  the  nitnle  of 
diphenyl tartaric  acid.  When  saponified,  it  would  obviously  yield 
an  acid.  After  several  attempts,  the  finely  pulverized  nitnle  was 
placed  in  a  large  excess  of  glacial  acetic  acia  saturated  with  HBr 
at  0*,  and  allowed  to  stand  for  some  weeks  with  frequent  agita- 
tion. From  the  solution,  fine  brilliant  monoclinic  crystals  sepa- 
rated. On  adding  ammonium  carbonate  to  the  mother  liquor,  a 
white  precipitate  was  thrown  down,  which  after  crystallization 
frt^m  alcohol,  had  the  formula 

C.H,C(OH)CO.NH, 
C.H,C(OH)CO.XH, 

On  account  of  its  becoming  viscous  no  exact  determination  of  the 
fusing  point  could  be  made.  It  softens  at  150°,  but  is  not  fully 
mt'hed  until  the  temperature  reaches  230^.  It  is  soluble  in  hot 
water  and  in  alcohol  but  not  in  ether.  From  its  amide  character 
it  is  only  weakly  basic.  It  dissolves  in  hot  HCl  and  separates 
unchanged  on  cooling.  It  unites  with  H Br  to  form  the  beauti- 
fully crystallized  compound  just  mentioueii  This  compound  fuses 
at  is^%  evolving  HBr.  Alkali  carbonates  convert  it  into  the 
amide  again.  The  amide  has  no  acid  pn>pertie$  and  is  insoluble 
in  alkali  carbonates  and  hydrateiL  The  solution  in  sodium  hy- 
drate becomes  deep  red  on  warming,  and  on  addition  of  an  acid^ 
deposits  red  docks  containing  nitrogen. — Ber,  BtrL  Chem.  Ge$,^ 
XYK  :^S32,  Sept,  18S3,  -  -  G.  F.  b. 
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7.  JRekUian  between  the  Suh^s  spots  and  the  Earth^s  temperature, 
—At  a  meeting  of  the  Physical  Society  in  Berlin,  Oct.  19,  Dr. 
Fr&lich  made    a    report  upon   the  measurements  of  solar  heat 
undertaken  by  him.     The  object  of  his  work  was  to  discover  if 
the  change  in  frequency  of  the  sun's  spots  was  accompanied  by 
any  change  in  the  temperature  of  the  earth.      The  instrument 
used  by  Dr.  Frolich  consisted  of  a  thermo-electric  pile  inclosed  in 
8  wide  double  walled  pipe,  opening  in  front  in  the  form  of  a  fun- 
Del,  in  which  circulatea  a  constant  stream  of  water  at  atmospheric 
pressure.     The  exposed  front  of  the  pile  was  closed  by  a  plate  of 
rock  salt.    The  apparatus  was  capable  of  revolving  m  all  direc- 
tions.     This  apparatus  was  preferred   to  Langley's  bolometer, 
since  the  electrical  resistance  of  thin  plates  is  subject  to  consider- 
able variation  during  long  periods  of  time.     As  a  standard  of 
heat  the  author  employed  a  hollow  screen  filled  with  steam,  one 
side  of  which  was  blackened  with  smoke  and  the  other  whitened 
with  chalk.     Measurements  were  taken  on  perfectly  clear  days, 
with  the  sun  at  different  altitudes,  and  were  represented  by  curves, 
the  abscisBse  showing  the  thickness  of  the  atmosphere,  and  the 
ordinates  the  warmth  of  the  sun.     The  measurements  in  the  neigh- 
borhood of  Berlin  gave,  in  general,  a  straight  line.     One  single 
measurement  made  upon  the  Faulhorn  at  a  height  of  9000  feet 
gave  a  perfectly  straight  line.     Measurements  distributed  over  the 
months  of  June,  July,  August,  September  and  October,  were  dif- 
ferent for  each  month.     These  measurements  were  compared  with 
the  daily  photographs  of  the  sun  taken  by  Dr.  Lohse  at  the  Pots- 
dam Observatory,  and  it  was  found  that  the  lower  degrees  of  8olar 
heat  corresponded  with  numerous  formations  of  spots  while  the 
higher  gradations  of   heat    were  accompanied  by  fewer  spots. 
More*  observations,  however,  are  necessary  in  order  to  prove  this 
conclusively. — Nature^  Nov.  8,  1883,  p.  48.  j.  t. 

8.  Theory  of  the  Dynamo- Electric  machine. — Clausius  enters 
upon  a  theoretical  discussion  of  this  machine  which  is  much 
neeiled  at  the  present  time.  The  article  is  too  long  and  mathe- 
matical for  a  suitable  abstract.  The  question  of  the  working  of 
every  machine  as  a  magneto-electric  engine  first  and  afterwards, 
88  the  strength  of  the  current  increases,  as  a  dynamo-electric  en- 
gine is  touched  upon.  The  conditions  of  the  revolving  and  non- 
revolving  core  of  the  armature  are  also  examined. — Aim.  der 
Physik  und  Chemie^  1883,  No.  11,  pp.  353-372.  J.  t. 

9.  Aperiodic  Galva7iometer. — M.  G.  L.  Goarant  de  Tromelin 
describes  a  galvanometer  which  has  three  magnetic  needles.  The 
two  lower  ones  constitute  the  ordinary  astatic  combination.  The 
additional  needle  is  placed  above  the  astatic  combination  with 
its  poles  opposite  to  that  of  the  needles  immediately  below  it. 
The  author  states  that  this  combination  is  nearly  three  times  as 
sensitive  as  that  with  the  astatic  combination  alone.  In  another 
arrangement  the  combination  consists  of  horse-shoe  magnets 
placed  horizontally  one  above  the  other  at  a  distance  of  0'"-005 
and  fixed  in  position.     The  movable  part  of  the  apparatus  con- 
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sists  of  a  small  coil  of  wire  sarroondiDg  the  poles  of  the  central 
magnet  and  suspended  by  a  bifilar  an*angement  which  condncU 
the  current  to  the  coil ;  the  arrangemont  being  similar  to  that 
adopted  by  Sir  William  Thomson  in  his  syphon  recorder.  This 
apparatus  is  perfectly  aperiodic  and  is  so  sensitive  that  a  few 
milligrams  of  iron  filings  falling  upon  the  pole  of  a  magnet  of  a 
telephone — the  vibrating  plate  having  been  removed — give  a  sen- 
sible deflection. —  Comptes  Rendtis^  Nov.  5,  1883,  p.  995.      j.  t. 

10.  On  the  Meat  Produced  in  Iron  and  Steel  ay  JReverstMle  of 
Jdagnetfzation ;  by  John  Trowbridge  and  Waltsb  N.  Hill. — 
The  object  of  our  investigation  was  to  determine  whether  the 
heat  which  is  generally  attributed  to  rapid  magnetizing  and 
demagnetizing  is  really  due  to  this  cause,  or  to  induction  currents 
in  the  mass  of  the  iron.  Our  work,  however,  had  in  the  bepn- 
ning  a  more  practical  object.  Since  cylinders  of  iron  and  steel 
are  heated  when  they  are  made  the  cores  of  electro-magnets,  and 
are  submitted  to  the  effects  of  rapidly  alternating  currents,  it  was 
thought  that  they  might  exhibit  different  degrees  of  heating,  and 
therefore  that  a  process  of  determining  the  character  of  iron  and 
steel  might  be  based  upon  the  phenomena  observed,  which  could 
be  called  an  electro-magnetic  criterion  of  certain  physical  prope^ 
ties  of  these  metals.  It  is  well  known  that  chemical  analyses  of 
steel  and  iron  throw  verv  little  light  upon  their  physical  proper- 
ties, such  as  tenacity  and  elasticity  in  general.  There  is  no  satis- 
factory  test  for  the  properties  of  different  steels  save  by  a  testing 
machine,  and  this  is  not  readily  applicable  in  many  cases.  If  a 
method  could  be  devised  which  depended  simply  upon  electrical 
and  magnetic  phenomena,  it  would  be  a  valuable  aid  to  the 
metallurgist. 

The  amount  of  sulphur,  of  phospliorus,  and  other  ingredients 
besides  iron,  is  very  small  in  steel,  and  it  could  hardly  be  expected 
that  their  presence  or  absence  could  be  detected  by  the  difference 
of  heat  developed  under  the  influence  of  alternating  currents, 
unless  this  heating  is  really  due  to  molecular  agitation  produced 
by  magnetization  and  demagnetization.     If  the  heating  is  due  to 
alternating  induction  currents  in  the  mass  of  metal,  there  should^ 
be  very  little  difference  in  the  amount  of  heat  developed  by  differ*^ 
ent  specimens  of  steel ;  for  their  electrical  resistance  would  no%i 
differ  sensibly  from  the  j^resence  or  absence  of  a  fraction  of  on^ 
per  cent,  of  phosphorus  or  sulphur.       If  the  heating  is  due 
magnetization  or  demagnetization,  and  to  an  actual  twisting 
small  magnets  in  their  l>eds,  then  the  molecular  arrangement^ 
conseijueut   upon   diflerent    admixtures   of    various    ingredieats 
might  )>roduce  more  heat  in  one  s)>ecimen  than  in  another,  and 
thus  aflord  a  criterion  of  the  character  of  the  steel.     *     *     *     • 
[The  description  given  of  the  experiments  is  here  omitted.] 

These  results  show  that  this  method  affords  no  criterion  of  the 
physical  properties  of  iron  and  steel.  The  molecular  structure  of 
the  various  specimens  employed  was  not  sufficiently  modified  to 
enable  us  to  determine  any  differences  in  molecular  heating, — i£ 
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the  beat  developed  by  magnetizing  and  demagnetizing  is  dae  to 
molecnlar  beating.  It  it  is  due  entirely  to  indaction  currents  in 
the  metals,  tbe  sligbt  obanges  in  electrical  resistance  produced  by 
small  quantities  of  sulphur,  of  phosphorus,  and  of  carbon  would 
be  inappreciable  in  the  masses  of  iron  which  we  used,  and  we 
should  expect  to  obtain  under  the  same  conditions  the  same  rise 
io  temperature  for  the  different  specimens  of  steel.  Our  previous 
work^  on  cobalt  and  nickel  must  therefore  have  been  affected  by 
tome  error. 

We  next  determined  to  ascertain  if  the  heating  was  confined  to 
the  surface  of  the  metallic  cores.     Theory  indicates  this  to  be  the 
^ase,  whether  we  adopt  the  hypothesis  that  the  heat  is  due  to 
magnetization  and  demagnetization,  or  the  hypothesis  that  it  is 
produced  by  induction  currents.      We  could  not  find,  however, 
ftny  experiments  upon  this  point.     The  bars  were  prepared  as 
follows :     Each  one  was  bored  one-half  its  length.     At  the  outer 
end  of  the  hole  a  shoulder  was  turned  in  order  that  a  short  piece 
of  glass  tubing  could  be  cemented  in.      One  thermometer  was 
placed  in  the  mercury  surrounding  the  bar  of  iron,  and  another 
was  hung  in  the  hole  m  the  center  of  the  bar,  the  hole  being  also 
filled  witD  mercury.     It  was  difiicult  to  distinguish  between  the 
•conduction  of  heat  and  the  evolution  of  heat.     The  rise  of  tem- 
perature indicated  by  the  inner  thermometer,  however,  was  prob- 
abljr  entirely  due  to  conduction  of  heat,  as  can  be  seen  by  com- 
panng  the  amounts  of  mercury  surrounding  the  two  thermometers. 
If  the  heating  is  due  to  molecular  movements  produced  by 
magnetizing  and  demagnetizing, — and  the  musical  note  is  adduced 
as  an  evidence  of  this, — the  bar  would  vibrate  as  a  whole,  and 
would  become  heated  throughout  on  account  of  this  vibration.    It 
is  difficult  to  conceive  how  the  surface  action  of  magnetism  can 
communicate  vibrations  to  a  solid  bar  of  iron  one  inch  and  a  half 
in  diameter.     If  the  bar  vibrates  as  a  whole,  a  certain  amount  of 
heating  of  the  bar  takes  place  throughout  its  interior.     Tlie  heat 
in  the  interior  of  the  bar,  however,  must  be  less  than  that  at  the 
exterior,  where  the  magnetization  exists  in  full  strength.      We 
believe,  however,  that  the  nmSical  note  is  due  to  a  forced  vibra- 
tion in  the  coil  of  the  electro-magnet, — possibly  due  to  electro- 
magnetic attractions;  for  the  note  can  be  heard  when  the  iron 
core  is  removed,  and  is  stronger  when  the  core  is  in  place  simply 
because  the  magnetic  field  is  strengthened. 

The  appearance  presented  by  iron  filings  strewn  upon  the  pole 
of  a  straight  electro-magnet,  which  is  submitted  to  the  action  of 
an  alternating  current,  shows  very  strikingly  the  fact  that  it  takes 
time  to  magnetize,  and  that  magnetism  resides  upon  the  exterior 
of  electro-magnets.  Under  the  influence  of  strong  currents 
alternating  six  thousand  times  a  minute,  the  electro-magnet  is 
still  capable  of  attracting  an  armature  with  great  force.  The 
filings  arrange  themselves  as  a  narrow  fringe  or  ring  upon  the 
circumference  of  the  end  of  the  cylindrical  bar  constituting  the 

♦  Proceedings  of  the  American  Academy,  1878-79,  p.  114. 
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core  of  the  electro-magnet,  leaving  the  surface  of  the  end  of  the 
cylinder  entirely  free  from  filings.  If  filings  are  scattered  npoD 
this  free  portion  of  the  surface,  they  waltz  to  the  circumference. 
The  fringe  of  iron  filings  vibrates  in  unison  with  the  alternating: 
currents.  In  connection  with  this  investigation,  it  may  be  inter- 
esting to  refer  to  some  experiments  made  by  Lt.-Comm.  A.  6. 
Caldwell,  U.  S.  N.,  and  ourselves,  on  demagnetization.  These 
experiments  were  made  in  1880,  but  have  not  been  published. 

Perfect  demagnetization,  or  entire  absence  of  magnetism  in  a 
mass  capable  of  magnetism,  is  a  condition  of  great  rarity. 
Approximate  demagnetization  has  been  brought  about  with  some 
difficulty,  but  delicate  tents  would  show  traces  of  polarity. 

We  have,  however,  discovered  a  method  by  which  complete 
demagnetization  may  be  rapidly  and  easily  produced.  The  prin- 
ciple involved  is  the  setting  up  of  a  state  of  powerful  magnetic 
vibration,  by  which  all  previous  magnetic  conditions  are  ooliter- 
ated,  and  on  the  subsidence  of  which  no  polarity  remains.  This 
state  of  vibration  is  induced  by  an  alternating  current  of  smfficienf 
strength.  By  this  an  effect  is  induced  in  the  magnetized  mass 
which  can  only  be  compared  to  a  vibration  or  wave.  The  reversals 
of  the  inducing  current  cause  corresponding  reversals  of  polarity 
in  the  body  acted  on,  and  as  these  reversals  are  continuous  ana 
very  rapid  (5,000  to  6,000  a  minute,  for  example),  a  molecular 
vibration  probably  arises.  It  is  probable  that  a  condition  of 
strain  or  set  is  one  of  the  phenomena  of  magnetism. 

The  particles  have*  been  made  to  assume  a  certain  definite  or 
polar  relation  or  position.  When,  however,  a  powerful  movement^ 
or  vibration  is  caused,  it  is  evident  that  when  this  vibration  has- 
become  complete, — that  is,  involving  the  whole  mass, — all  pre- 
vious conditions  of  strain  or  "permanent  set"  will  be  overcome. 
It  must  l»e  remarked  that,  in  order  to  ]>erfectly  attain  this  result 
in  all  cases,  the  exciting  force  must  be  suflicienU 

When  the  alternating  current  ceases,  the  body  acted  on  is  left 
perfectly  free  from  polarity.  It  is,  however,  in  a  state  of  extreme 
sensitiveness,  and  must  be  allowe<]  to  remain  at  rest  for  a  short 
time.  If  it  is  placed  north  and  south,  it  will  assume  polarity,  and 
very  strongly  if  struck  with  a  hammer  when  held  in  the  position 
of  the  dip. 

Demagnetization  requires  but  a  short  time  in  most  cases, — from 
one  to  three  minutes  if  the  current  is  properly  adjusted.     There 
are  several  ways  of  perform inir  the  exj>erimenl,  but  it  will  be 
sufficient  at  this  time  to  refer  to  a  few  of  them.      The  most 
effective  method  is  to  enclose  the  mass  to  be  demagnetized  in  a 
c«»il  of  such  a  length  that  the  whole  body  will  occupy  an  approxi- 
mately central  position.     The  coil  may  be  a  simple  one,  in  which 
case  it  must  stand ^east  and  west,  and  iKjfore  removing  the  object 
the  electric  machine  must  be  stopped,  and  the  current  allowed  to^ 
die  away.     Also,  when  the  object  is  taken  out  of  the  coil,  it  must 
be  carefully  shielded  from  the  earth's  induction;  or  the  coil  may 
be  so  constructed  that  it  can  be  opened  or  divided  at  the  center 
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irithout  breaking  circait,  and  then  the  object  can  be  taken  out 
without  stopping  the  alternating  current.  One  of  the  coils  we 
used  was  made  of  No.  12  copper  wire,  wound  as  one  coil,  but  in 
halves,  with  an  elastic  connection.  It  is  well  known  that,  with  an 
altematiog  current,  self-induction  in  the  coil  materially  reduces 
the  current,  and  therefore  the  coil  should  be  one  of  a  compara- 
tively small  number  of  turns. 

Demagnetization  of  small  masses,  not  too  retentive  of  magnet- 
ism, may  be  performed  by  placing  them  on  the  end  of  a  bar  con- 
tained in  the  coil,  which  is  a  part  of  the  alternating  circuit.  A 
bar  of  low  steel,  somewhat  longer  than  the  coil,  was  used,  and 
the  small  objects  placed  on  its  projecting  end. 

Ptrfect  demagnetization  is  attained  with  varying  diflSculty. 
Ordinarily,  it  is  rapidly  and  easily  accomplished.  Sometimes  a 
longer  time  is  required,  or  a  more  intense  action.  In  numerous 
experiments  we  derived  the  alternating  current  from  a  Wilde 
machine  which  gave  about  6,000  reversals  per  minute.  This  rate 
is  probably  greater  than  is  required  or  desirable,  except  in 
extreme  cases.  About  3,000  or  4,000  reversals  would  be  a  better 
general  rate,  although  of  course  the  operator  should  arrange  his 
apparatus  so  that  he  could  ^et  more  reversals  if  necessary. 
Failure  will  result  if  the  speed  is  too  great,  as  might  be  expected 
if  the  view  here  taken  is  correct,  usually  it  will  be  more  con- 
Teoient  to  employ,  instead  of  an  alternating  machine,  a  battery 
with  a  reverser  arranged  for  varying  speeds. 

One  application  to  this  method  is  to  the  demagnetization  of 
watches.  Watches  strongly  magnetized  are  completely  demag- 
netized by  one  to  three  minutes'  exposure  in  the  coil.  Frequently 
unsuspected  traces  of  magnetism  cause  annoying  irregularity  of 
action  of  a  watch.  This  method  enables  us  entirely  to  remove 
this  difficulty. 

Some  very  curious  and  interesting  results  were  obtained  by 
experimenting  with  magnetite. 

A  specimen  of  very  pure  magnetite  from  North  Carolina,  show- 
ing marked  magnetic  properties,  was  completely  demagnetized  by 
a  somewhat  long  exposure  to  the  action  of  an  alternating  current 
applied  as  described  above.  Before  demagnetization  the  piece 
had  shown  consequent  points,  although  in  general  it  possessed 
polarity.  After  treatment  it  attracted  either  end  of  a  very  light 
suspended  needle  indifferently,  and  when  any  part  of  the  mineral 
was  presented,  just  as  a  piece  of  soft  iron  would  do.  The  demag- 
netized specimen  was  then  placed  across  the  poles  of  an  electro- 
magnet excited  by  a  strong  current  from  a  Gramme  machine.  It 
became  strongly  magnetic,  with  distinct  poles,  and  without  the 
consequent  points  it  at  first  had.  After  this  it  was  treated  like 
an  ordinary  bar  magnet,  and  magnetized  or  demagnetized  at  will. 
Another  more  impure  piece  was  originally  less  strongly  mag- 
netic, and  was  demagnetized  with  great  difiiculty.  At  first  it 
displayed  no  general  polarity,  having  consequent  points  irregularly 
distrihnted.    After  demagnetization  it  received  induced  magnetism 
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and  became  polar,  but  it  was  a  maoh  feebler  magnet  than  t 
previous  specimen.  Demagnetization  was  afterward  perform 
more  easily  than  at  first. 

A  still  more  impure  specimen  was  treated,  but  with  the  mea 
at  hand  it  was  not  perfectly  demagnetized,  although  so  nearly  w 
this  done  that  only  traces  of  magnetism  were  noticeable. 

The  result  of  our  work  can  be  stated  as  follows : 

(1)  The  heat  developed  by  reversals  of  magnetization  is  prol 
bly  due  to  induction  currents,  and  not  to  molecular  vibration 
for  considerable  changes  in  the  molecular  structure  of  differe 
specimens  of  iron  and  steel  fail  .to  show  differences  in  the  amou 
of  heat  developed. 

(2)  The  heating  of  iron  cores  o  electro-magnets,  which  are  su 
mitted  to  alternating  currents,  is  confined  to  the  surface  until  co 
duction  equalizes  the  heat  of  the  cores. 

(3)  The  musical  note  emitted  by  the  core  is  the  note  of  the  co 
due  to  the  number  of  reversals  of  the  ma(;hine,  and  is  mere 
strengthened  by  the  metallic  core  of  the  electro-mamet.     Th 
note  should  not,  therefore,  be  used  as  an  argument  in  favor 
molecular  vibrations  of  magnetic  particles. 

(4)  Experiments  on  demagnetization  confirm  what  has  long  be< 
known  in  regard  to  the  effect  of  vibrations  and  shocks  upon  tl 
magnetic  condition  of  iron  and  steeL  They  do  not  invalidate  oi 
results  upon  the  heat  produced  by  reversals  of  magnetization ;  f 
a  very  slight  change  in  position  of  the  molecules  might  affect  tl 
magnetism  of  a  bar,  and  yet  be  insufficient  to  produce  the  gprei 
heating  observed  in  the  armatures  of  dynamo-electric  machines.- 
Proceedings  American  Acad.  Arte  and  Sciences^  May  29,  1883. 

11.  On  the  properties  of  water  and  ice ;  by  Otto  Pettkbsso: 
— The  above  is  the  title  of  a  valuable  paper  by  Dr.  Petterssc 
taken  from  volume  11  of  the  results  of  the  Vega  Expedition, 
is  devoted  to  a  discussion  of  the  physical  properties  of  water  j 
the  liquid  and  solid  state  at  the  temperatures  to  which  water  an 
ice  are  exposed  in  the  Arctic  Sea,  as  between  —20®  C.  and  + 15®  ( 
The  special  subjects  investigated  were  the  chanee  of  heat  an* 
volume  of  (I)  pure  water,  ^2)  brackish  water,  and  (3)  ocean  wate 
of  ordinary  saitness,  but  oefore  detailing  the  results  of  his  ei 
periments  the  author  states  briefly  the  results  reached  by  otben 
and  then  in  detail  the  instruments  employed  by  him  and  hii 
methods  of  observation.  In  regard  to  the  experiments  with  pan 
water,  a  series  of  tables  gives  the  results  of  the  experiments  ox 
the  expansibility  of  pure  water  (ice)  at  the  different  temperatarei 
employed.  The  most  important  point  brought  out  in  them  ii 
this :  that  the  volume  of  ice,  even  the  purest  which  can  be  tested 
decreases  with  a  rise  in  temperature  when  near  the  melting  poim 
and  this  is  the  more  marked  as  the  amount  of  salt  contained  ii 
the  water  increases.  In  regard  to  this  the  anthor  remarks  that 
'*  It  is  impossible  to  decide  if  absolutely  pure  water  would  be  ei 
tirely  free  from  this  weakness  or  not,  since  we  cannot  assume  thi 
water,  which  has  boiled  for  a  quarter  of  an  hour  or  more  in 
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glftsa  vesaely  is  absolutelj  free  from  minimal  qaantities  of  foreign 
tabstanceSy  as  e.  g.  sodiam  salts,  silica,  etc.     For  my  own  part  I 
am  rather  inclined  to  think  that  absolutely  pare  water,  if  it  could 
be  tested,  would  show  an  absolutely  fixed  melting  point  ....'' 
Id  oonnection  with  this  point  the  author  remarks  upon  the  plas- 
ticity of  ice,  which  has  been  observed  near  the  melting  point, 
while  at  lower  temperature  it  is  brittle.     The  author  shows  that 
the  irregularity  in   expansion    is  connected  with  the  degree  of 
rigidity  of  the  ice :  at  a  sufficiently  low  temperature  every  kind 
of  ice  is  bard  and  brittle,  and  in  this  state  it  expands  regularly 
with  increase  of  temperature ;  the  commencement  of  the  thawing 
is  entirely  dependent  upon  the  amount  of  salt,  etc.,  present,  and 
the  softening  before  melting  is  connected  finally  with  a  contrac- 
tion in  volume :  thus  ice  from  ordinary  distilled  water  begins  to 
contract  at  —0*25°  C. ;  a  sample  containing  0*015  p.  c.  chlorine  at 
—4*  C. ;  and  ice  formed  by  the  sudden  freezing  of  ocean  water 
begins  to  contract  at  —20°  C.  or  below.     As  a  consequence  of 
this  it  is  added  that  it  must   be  acknowledged  "  that  the  ice 
masses  of  the  glaciers  are  liable  to  contraction  at  temperatures 
below  their  melting  point." 

In  the  investigation  of  the  chemical  changes  in  the  composition 
of  sea  water  caused  by  freezing,  the  author  reaches  the  conclu- 
sioD  that  ice  formed  from  sea-water  is  not,  as  has  generally  been 
soppoeed,  essentially  pure,  owing  its  saltness  to  mechanically  en- 
closed brine ;  the  result  reached  is  the  same  as  that  obtained  in 
t  difierent  way  by  Dr.  Buchanan  of  the  Challenger.  Dr.  Pettera- 
lon  concludes  that  ocean-water  is  divided  by  freezing,  not  into 
pore  water  and  a  more  or  less  concentrated  solution  of  ordinary 
Ks  salt,  as  was  formerly  believed,  but  into  two  salinif  erons  ])arts, 
on6  liquid  and  one  solid,  which  are  of  different  composition.  Thus 
the  formation  of  sea-ice  is  chemically  a  selective  process,  some  of 
the  elements  of  salt  water  are  more  fit  than  others  to  enter  into 
the  solid  state  by  freezing,  those  which  are  rejected  by  the  ice 
will  preponderate  in  the  brine,  and  vice  versa ;  for  example  as  re- 

ds  the  relation  of  CI :  SO,,  the  ice  is  richer  in  sulphates,  the 
5  in  chlorides.     The  extraordinary  variation  both  in  saltness 
iDd  in  chemical  composition  of  every  individual  specimen  of  sea 
ice  and  sea-brine  depends  upon  a  secondary  process  or  the  meta- 
morphosis of  the  ice,  due  to  the  combined  influences  of  time  and 
variation  of  temperature.     The  concluding  chapter  is  devoted  to 
I  discussion  of  the  latent  heat  of  fresh  and  salt  water ;  the  im- 
portSDt  point  brought  out  in  it  is  this,  that  the  latent  heat  devel- 
oped by  the  freezing  of  sea-water  is  "  extraordinarily  inferior  to 
that  of  pure  water."    The  author  adds,  that  the  freezing  process, 
iowever,  from  a  thermic  point  of  view,  is  not  entirely  concluded 
filh  the  solidification  of  the  sea-water,  by  which  it  is  divided 
into  ice,  solid  cryohydrates,  and  liquid  brine  containing  dissolved 
laits;  for  on  further  sinking  of  the  temperature,  still   unfrozen 
cryohydrates  will  be  solidified  and  develop  heat  until  the  whole 
maae,  at  a  sufficiently  low  temperature  is  a  solid  rock  of  crystal- 
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lized  matter.     At  the  rise  of  temperature  these  sabstsnces  ^ 
melt  one  by  one,  and  absorb  heat  in  so  doing. 

1 2.  Cofitributions  to  the  Hydrography  of  the  Siberian  St 
by  Otto  Pkttkrsson. — This  is  a  second  paper  by  the  s« 
author  as  that  above  noticed,  it  contains  a  long  and  valui 
series  of  observations  made  in  connection  with  the  Vega  exp 
tiou,  of  the  temperature  of  the  sea-water  at  different  dep 
specific  gravity  and  the  percentage  of  chlorine,  as  also  that 
salt  deduced  tvom  the  observed  specific  gravity.  These  obsei 
tions  were  taken  mostly  in  the  Kara  Sea,  an  admirable  hy< 
graphic  chart  of  which  accompanies  the  memoir. 

n.  Geology  and  Mineralogy. 

1.  Second  Annual  Heport  of  the  U.  S,  Oeologiccd  Suroer 
the  Secretary  of  the  InterioTy  for  the  year  1880-81;  by  J. 
Powell,  Director.  Washington,  1882 ;  pp.  iv  and  688,  4to,  ¥ 
LXI  Plates,  Figs.  1-32,  and  a  Map,  in  pocket,  showing  distri 
tion  of  the  strata  and  eruptive  rocks  in  the  Western  part  of 
Plateau  Province. — This  volume  is  the  first  annual  report  of 
Geological  Survey  issued  under  the  directorship  of  Mr.  Pow 
who,  at  the  close  of  the  fiscal  year  for  which  it  is  issued,  had  h 
the  position  for  less  than  three  and  a  half  months.  The  w 
reported  upon  was  begun  under  the  direction  of  his  predecesi 
Mr.  Clarence  Kins,  and  no  change  was  made  in  his  plans  ] 
methods.  The  voTume  opens  with  the  Report  of  the  Direci 
which  is  followed  by  the  administrative  reports  of  the  heads 
divisions  and  by  abstracts  of  the  several  monographs  which 
in  preparation  by  the  Survey.  The  monographs  are  especif 
designed  for  the  use  of  specialists,  but  the  summaries  given  h 
present  the  facts  and  conclusions  in  a  manner  adapted  to 
genoral  reading  public  These  papers  are  as  follows:  1 
Physical  Geology  of  the  Grand  Canon  District,  by  Capt.  C. 
Out  ton;  Contributions  to  the  History  of  Lake  Bonneville, 
G.  K.  GiU>ert;  Abstract  of  Report  "on  Geology  and  Mini 
Industrv  of  Leadville,  T^ke  Countv,  Colorado,  bv  S.  F.  Emmoi 
A  Sum  mar  V  of  the  GiH^loarv  of  the  Comstock  Lode  and  t 
Washoe  Districl,  by  Gei>rsre  F.  Becker;  Production  of  i 
Prvcious  Metals  of  the  Uniieii  States,  by  Clarence  King.  1 
volume  oiuls  wiih  a  paper  by  Mr.  G.  it  Gilbert  on  '*  A  X 
Mothod  of  Measuring  Heights  by  Means  of  the  Baromete 
l^Uh  of  Mr.  GillH^rt's  pa|>ers,  and  also  the  one  by  Mr.  Emmo 
have  aln^ady  been  noticed  in  this  «IournaU  as  have  also  two  of  t 
mouos;raphs  which  have  Ihvu  issueil  since  the  publication  of  t 
jAUuual  rvpvm,  vii:  thi>so  by  Capt,  Dutton  and  Mr.  Becker. 

The  Hef>ori  of  the  Dirvotor  is  intnxiuclory  to  the  Tolume, 
epitomixes  the  various  (^"ii^ers  included  and  details  the  plan 
i>ublicatioiL     Reference  is  made  to  a  report,  in  preparation 
Kliot  Lor\i^  on  the  history  ot  the  Comstock  Lode,  and  an  acco 
is  giT^n  of  Dr.  R«  D.  Irviug^s  investigation  of  thtt  copper-bear 
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:s  of  Lake  Superior.     A  statement  is  also  made  of  a  few  rales 

pted  by  the  Survey,  in  relation  to  general  geologic  noraen- 

are,   cartography   and  diagrams.     The  scheme   of   geologic 

lenclature,  as  laid  down  in  Dana's  Manual  and  subsequently 

pted  by  LeConte  in  his  Elements  of  Geology,  will  be  followed 

lout  material  change.     In  the  opinion  of  the  Director,  it  is 

ise  for  the  exploring  geologist  to  commit  himself  in  early 

^es  of  investigation  to  refined  and  exact  correlations,  and  in 

scheme  adopted  by  the  Survey  the  column  of  epochs  or  form- 

ns  is  left  to  be  formulated  in  the  various  districts  as  the  facts 

land.     A  scheme  of  colors  for  geologic  charts  and  of  conven- 

tal  characters  for  diagrams  is  presented  with  illustrations,  and 

report  concludes  with  a  financial  statement  for  the  fiscal  year 

ing  June  30th,  1881. 

Lmong  the  administrative  reports,  that  of  Mr.  Arnold  Hague 

f  some  length  and  considerable  interest.     It  is  accompanied 

a  double  page  geologic  map  (in  colors)  of  'Ruby  Hill  Eureka 

ling  District,  Nevada.     Mr.  Hague  reports  on  the  field  work 

:his  dbtrict,  which  ranks  so  high  as  a  mining  center,  that  for 

nomic  purposes  its  elaborate  study  is  important.     Its  general 

)logica1  structure  has  been  investigated,  and  is  to  be  supple- 

uted  by  a  study  of  its  mining  geology.     As  the  Director  says 

another  place,  mining  geology  is  superficial  and  almost  value- 

s  unless  it  has  a  solid  foundation  in  structural  geology,  and  for 

s  reason  it  is  the  policy  of  the  Survey  to  conduct  both  lines  of 

earch  in  every  special  district  that  is  taken  up  for  examination. 

'.  ELague's  field  work  is  completed,  and  he  states  that  the  main 

tares  of  his  monograph  on  the  district  will  be  as  follows : 

Ist.  A  description  of  each  mountain  block,  with  a  detailed 

count  of  the  formations  and  their  relations  to  each  other. 

2d.  A  detailed  description  of  the  great  series  of  Paleozoic  sedi- 

snts,  embracing  20,000  feet  of  strata,  extending  from  the  base 

the  Middle  Cambrian  up  into  the  upper  Coal-measure  limestone. 

3d.  An  account  of  some  of  the  more  important  dynamical  events 

lat  have  produced  the  present  physical  features  of  the  country. 

4th.  A  history  of  Tertiary  volcanic  activity,  during  which  all 

le  principal  types  of  volcanic  rocks  except  trachyte  found  their 

ay  to  the  surface.     The  relation  of  the  sedimentary  beds  to  the 

olcanic  rocks  will  also  be  discussed. 

5th.  A  statement  of  the  position  and  geologic  horizon  of  the 

?veral  mining  districts  and  some  of  the  more  important  raining 

ro{)€rtie8,  and  some  observations  on  the  relations  of  tlie  ore 

eposits  to  both  Tertiary  and  Pre-Tertiary  crystalline  rocks. 

Mr.  Hague's  monograph  is  to  be  accompanied  by  an  atlas  of 

reh'c  sheets,  on  which  twenty-five  colors  will   be  require<l   to 

present  the  Paleozoic  system  of  the  district  and  nine  colors  will 

needed  for  the  igneous  rocks.     A  special  monograph  on  the 

croscopic  petrography  of  the  district  by  Mr.  Joseph  P.  Iddings 

to  accompany  it;  also  a  report  by  Mr.  Charles  D.  Walcott. 

e  latter  will  undoubtedly  be  one  of  the  most  valuable  contribu- 

tf.  /OUR.  8CL— Third  Series,  Vol.  XXVII,  No.  157.— Jan.,  1884. 
5 


66  Scientific  Intelligence. 

tions  ever  made  to  the  paleontological  history  of  the  Great  Basin. 
Heretofore  this  district  has  been  considered  a  poor  one  for  organic 
remains,  but  the  present  survey  of  it  has  secured  a  collection  of 
nearly  5,000  specimens,  which  is  probably  the  largest  collection 
of  Paleozoic  fossils  ever  obtained  from  so  limited  an  area  in  the 
far  West.  It  is,  however,  not  the  number  of  specimens  nor  the 
number  of  species  represented,  which  Mr.  Walcott  has  determined 
to  be  859  (more  than  a  third  of  them  new),  that  gives  greatest 
value  to  this  collection,  but  the  fact  that  it  is  a  systematic  collec- 
tion in  one  district,  extending  through  one  series  of  20,000  feet 
of  Paleozoic  sediments,  included  between  the  base  of  the  Middle 
Cambrian  and  the  upper  Coal-measure  limestone.  The  Cambrian 
fauna  embraces  110  species;  the  Devonian,  144,  and  the  Ca^ 
boniferous,  83.  In  the  Silurian  the  fauna  is  but  slightly  developed, 
the  material  being  derived  mainly  from  the  Trenton  formation. 
Thirteen  species  which  suffice  to  determine  the  horizon  weri 
found,  but  they  are  too  fragmentary  for  detailed  study. 

In  an  administrative  report  by  Prof.  R.  Pumpelly,  statistics  are 
given  of  the  production  of  coal,  copper,  iron,  lead  and  zinc  The 
collection  of  these  statistics  was  made  in  connection  with  the 
Census  Bureau,  and  they  embody  the  information  obtained  from 
the  canvass  of  10,440  mining  establishments. 

The  paper  by  Mr.  Clarence  King  on  the  Production  of  the 
Precious  Metals  was  also  prepared  in  cooperation  with  the  Tenth 
Census,  and  is  preliminary  to  a  monograph  to  be  published  by  the 
Survey.  The  present  paper  is  practically  the  same  as  the  one  oa 
the  same  subject  publishtKi  by  the  Census  Bureau,  and  which  has 
already  been  noticed  in  this  JoumaL 

The  work  is  handsomely  illustrated,  especially  in  Capt.  Datton'i 
paper,  many  of  the  plates  and  figures  being  made  from  sketcbci 
by  Mr.  W.  H.  Holmes,  whose  hand  has  lost  none  of  its  cunning. 

A  double  column  index  of  twenty  pages  efTectively  concluw 
this  valuable  report. 

2.  JTkird  Annual  R^^xyrt  of  the  U.  S,  Geolofjical  Survey  (o 
the  Secretary  of  the  Interior,  1881-82.  By  J.  W.  Powxu^ 
Director.  Washington,  1883.  4to,  pp.  xfin  and*  564,  witk 
XXXV  Plates  and  Figs.  1  to  56. — A  few  advance  copies  of  this 
re|>ort  have  been  issued  without  the  complete  set  of  illustration! 
The  volume  opens  with  the  Report  of  the  Director,  which  givei  4 
resume  of  the  work  accomplished  during  the  year  and  presents  % 
financial  statement.  Following  this  are  administrative  reports  by 
Messrs.  Clarence  King.  Arnold  Hague,  G.  K.  Gilbert,  T.  (5.  Ghani« 
berlin.  S.  F.  Emmons,  G.  F.  Becker,  L.  F.  Ward,  J.  Howard  Gore 
and  Gilbert  Thompson. 

Mr.  Hague  in  his  report  sutes  that  he,  in  connection  with  Mr. 
J.  P.  Iddings,  has  undertaken  an  investigation  of  the  acidic  vot 
c&nic  rocks  collected  by  the  geologisu  of  the  Geological  Exploit- 
tion  of  the  40th  Parallel,  including  not  onlv  the  rocks  reported 
upon  by  Prof.  Zirkel  in  his  Microscopical  Metrography,  but  mhd 
a  large  amount  of  material  not  prepared  at  the  time  his  repoit 
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»abUBbed.  The  resnlt  of  this  investigatioD  has  been  to  oor- 
i  grave  tmstake  in  Prof.  Zirkel's  work  where  he  frequently 
the  feldspars  in  certain  rocks,  sanidin,  when  they  are  really 
minable  as  belonging  to  triclinic  species.  Mes^s.  Hague 
ddings  find  that,  m  the  area  covered  by  the  explorations  of 
Otb  Parallel  Survey,  there  are,  so  far  as  represented  by  the 
^tions,  no  normal  trachytes,  and  that  the  rocks  which  have 
so  classed  are  andesites.  Mr.  Hague  says  that  this  result  is 
Qore  remarkable,  as  rhyolite  is  by  far  the  most  abundant  of 
le  acidic  volcanic  rocks  of  the  Great  Basin.  The  study  of 
I  results  leads  them  to  make  the  broad  general  statement  that 
ig  the  products  of  volcanic  action  in  the  Great  Basin  (at 

so  far  as  the  area  indicated  above  is  concerned),  the  occur- 
3  of  orthoclase  rocks  is  dependent  upon  the  percentage  of 
k  in  the  rock.  A  preliminary  examination  has  also  been  made 
\\e  rocks  from  the  great  cones  of  Mt.  Rainier,  Mt.  Hood,  Mt. 
la  and  Lassen's  Peak,  and  the  announcement  is  made  that 

are  andesitic  volcanoes,  not  a  single  trachyte  being  included 
te  collections  from  the  four  volcanoes. 

fter  the  administrative  reports,  which  space  does  not  allow  us 
)tioe  further,  is  a  series  of  "  Accompanying  Papers"  as  follows: 
s  with  Teeth,  by  O.  C.  Mai*sh ;  the  Copper-bearing  Rocks  of 
i  Superior,  by  Roland  D.  Irving ;  Sketch  of  the  Geological  His- 
of  Lake  Lahontan,  by  Israel  C.  Kussell ;  Abstract  of  the  Report 
le  Geology  of  the  Eureka  District,  Nevada,  by  Arnold  Hague ; 
iminary  pap^i'  on  the  Terminal  Moraine  of  the  second  Glacial 
ch,  by  Thomas  C.  Chamberlin ;  and  A  Review  of  the  Non- 
ine  fossil  MoUusca  of  North  America,  by  C.  A.  White, 
rof.  Marsh  in  his  paper  gives  a  r6sum6  of  his  investigations  of 
the  known  forms  of  the  oldest  birds,  which  differ  from  recent 
8,  in  having  well  developed  teeth.  Prof.  Irving's  paper,  of 
pages,  is  an  abstract  of  Vol.  V,  of  the  Monographic  Series  of 
►orts  of  the  Survey,  which  is  in  an  advanced  stage  of  prepara- 
.  Mr.  Russell's  paper  is  also  an  abstract  of  one  of  the  niono- 
phs.  The  basin  of  Lake  Lahontan,  a  Quarternary  lake  of 
Ihwestern  Nevada,  according  to  Mr.  Russell,  exhibits  a  vast 
)unt  of  calcareous  tufa,  of  which  there  are  three  varieties, 
racterizing  three  distinct  deposits  in  the  basin.  They  are 
igiiated,  in  the  order  of  their  age,  as  lithoid^  thinolitic,  and  den- 
tic.  The  first  of  these  reaches  the  level  of  the  lithoid  terrace 
mt  500  feet  above  the  present  level  of  Pyramid  Lake  and  was 

first  formed.  At  the  top  it  is  only  a  few  inches  thick,  but 
reases  as  the  slopes  are  followed  downward.  The  thiuolitlc 
I  layer  was  deposited  at  a  lower  water-stage  and  reaches  only 

feet  above  the  present  lake-level.     It  differs  from  the  other 

8  of  the  basin  and  from  calcareous  tufas  in  general,  in  the  fact 

;  it  is  composed  of  crystals.     It  has  a  thickness  of  six  to  eight 

The  third  and  most  abundant  of  all  the  chemically  formed 

s  of  the  basin,  is  the  dendritic  tufa,  which  is  locally  twenty 

and  possibly  fifty  feet  thick,  and  extends  about  300  feet 
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above  the  present  lake-level.  These  deposits  show  at  least  three* 
well-defined  periods  in  the  history  of  Lake  Lahontan*  When  the 
first  was  formed,  the  lake,  then  a  fresh-water  body,  as  shown  by 
the  fossils,  filled  the  basin  to  within  thirty  feet  of  the  highest 
water-line  now  scoring  its  sides.  Later  the  water  was  400  feet 
lower  and  it  was  highly  charged  with  soda.  Then  the  thinoUte 
terrace  was  carved.  Later  still  the  water  rose  200  to  250  feet 
above  this  terrace  and  the  heaviest  tnfa  deposit  was  precipitated. 
There  were,  therefore,  two  moist  periods,  when  the  lale  was  deep, 
separated  by  a  time  of  dessication  and  followed  by  the  present 
period  of  aridity. 

Mr.  Hague,  in  his  abstract  on  the  geology  of  the  Eareka  Dis- 
trict, gives  the  Eureka  section  a  thickness  of  30,000  feet,  divided 
as  follows :  Cambrian,  7,700  feet ;  Silurian,  5,000  feet ;  Devonian, 
8,000  feet,  and  Carboniferous  9,300  feet.  The  mingling  of  Coal- 
Measure  and  Lower  Carboniferous  types  is  more  clearly  shown  in 
the  Carboniferous  rocks  of  the  Eureka  Basin  than  in  any  other 
western  locality. 

In  the  paper  on  the  terminal  moraine  of  the  second  glacial 
epoch.  Prof.  Charaberlin  not  only  abstracts  the  results  of  recent 
investigations  by  himself  and  assistants,  but  combines  therewith 
the  observations  of  others ;  he  gives  a  description  of  a  compound 
moraine  traced  continuously  from  the  Atlantic  coast  in  New  Eng- 
land, through  New  Jersey,  Pennsylvania,  Ohio,  Indiana,  Illinois^ 
Wisconsin,  Minnesota,  Iowa,  and  finally  Dakota,  where,  at  th% 
103d  meridian,  it  passes  into  British  America.  His  contribatiou 
to  glacial  geology  is  too  important  to  be  thus  briefly  character 
ized,  but  space  will  not  permit  of  more  at  present. 

Dr.  C.  A.  Whitens  paper  on  the  non-marine  fossil  MoUusca  of 
North  America,  which  concludes  the  volume,  is  one  of  the  most 
interesting  in  it,  especially  to  those  who  have  followed  the  coo^ 
troversy  as  to  the  age  of  the  Laramie  group.     The  paper  is  accom- 
panied by  thirty-two  plates,  one  of  which  is  devoted  to  Devonian 
forms,  one  to  Jurassic  and  Triassic,  two  to  Cretaceous,  three  to- 
the  Bear  River  Laramie,  and  the  remainder  to  the  Laramie  groop 
proper.     These  plates  illustrate  an  annotated  catalogue  which  ii- 
a  resume  of  the  subject  by  zooloo:ical  families.     A  tabular  view  is 
also  presented.     There  is  besides,  an  introduction  which  states 
the  object  and  method  of  the  work,  and  a  general  discussion  whida 
ends  the  paper.     The  space  at  command  here  will  not  permit  of 
reference  to  more  than  one  or  two  points.    Three  categories  of  noa- 
marine  mollusks  are  embraced  by  those  of  brackish-water,  thot« 
of  fresh  water,  and  those  of  land  habitat.     Dr.  White  points  out^ 
the  analogy  between  the  ancient  Laramie  Sea  and  the  Black  Sea,, 
which   in  his  opinion,  the  Laramie   hydrographic  system  mort 
nearly  resembled.     He  also  states  the  conclusion  that  the  moUaa- 
can  fauna  of  the  present  Mississippi  system  is  lineally  descended 
from  the  faunae  of  the  ancient  lakes  and  seas  of  the  Tertiary  and 
Laramie  periods  and  the  river  systems  of  which  they  constitutei 
lacustrine  portions.     Dr.  White  is  the  first  to  emphasize  this  fact 
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Heretofore  the  commingling  of  brackish-water  and  fresh-water 
fossils  has  been  explained  on  the  supposition  that  the  beds  in 
which  they  were  found  were  estuary  deposits.  Dr.  White  says 
that  there  is  evidence  **  that  the  fresh-water  fauna  proper  of  the 
Laramie  system  not  only  inhabited  the  streams  which  emptied 
into  its  sea,  but  that  in  great  and  shifting  areas  of  the  sea  itself, 
the  waters  were  sufficiently  fresh  to  allow  the  existence  in  them 
of  such  Mollusca  as  Unio^  GoniobasiSy  Viviparu8,  Campeloma^ 
etc,  and  saline  enough  in  other  parts  for  the  existence  of  Ostrea^ 
Anomia,  Corbula^  etc."  The  volume  is  handsomely  illustrated 
and  has  a  full  table  of  contents  and  index. 

3.  Geology  of  Lehigh  and  Northampton  Counties^  makwg 
Report  of  Progress  2>3,  VoL  I,  of  the  Second  Geological  Survey 
of  Pennsylvania.  284  pp.  8vo,  with  illustrations  in  the  text  and 
t  thick  atlas  in  8vo  of  over  30  folded  sheets.  Harrisburg,  1883. 
—This  volume  contains  the  following  reports :  on  the  slate-belt 
and  quarries,  by  R.  N.  Sanders  ;  water-gaps,  by  H.  M.  Chance  ; 
on  the  limestone  belt  and  the  Potsdam  rocks,  by  F.  Prime  ;  an 
itinerary  survey  of  the  South  Mountain  gneiss,  etc.,  by  C.  E. 
Hall  ;  and  a  "  Prefatory  Letter "  and  "  General  Introduction,'* 
reviewing  many  points  in  the  geology  of  eastern  Pennsylvania, 
by  Professor  Lesley,  the  director  of  the  survey. 

Mr.  Sanders  gives,  in  addition  to  his  descriptions  of  the  slate- 
ijoarries,  several  figures  illustrating  well  the  transverse  relations 
of  the  cleavage  and  bedding.  The  dip  of  the  cleavage  planes  is 
stated  to  be  in  general  parallel  to  that  of  the  axial  plane  of  the 
flexures  in  the  stratification ;  the  strike  is  usually  the  same  for 
bedding  and  slates ;  and  the  exceptions  in  general  occur  where 
the  beds  bend  around  in  the  head  of  the  flexure. 

Mr.  H.  M.  Chance  describes  and  figures  sections  of  the  slate- 
belt  at  the  Schuylkill,  Lehigh  and  Delaware  water-gaps. 

Mr.  Prime's  report  is  on  the  limestone  region  of  Northampton 
County — the  county  which  lies  against  the  middle  of  the  eastern 
boundary  of  the  State,  and  on   the.  Potsdam  sandstone  in   the 
«ame  region.     It  covers  a  little  over  fifty  pages  of  the  volume.* 
The  limestone  is  the  metamorphic  limestone  of  the  Great  or 
Kittatiny  valley,  which  extends  southwestward  from  Northamp- 
ton County  into  Lehigh  and  Berks  counties,  and  beyond.     In  a 
former  report   (DD)    the   author   proved,   by   the   discovery  of 
fossils,  that  this  limestone  in  Lehigh  County  (the  next  county  to 
the  southwest)  was  Lower  Silurian,  of  the  age  of  the  Chazy  and 
Trenton.      In  this  volume  he  announces  the  discovery  in  it  of 
similar  fossils  in  Northampton  County.     The  following  are  some 
of  the  facts :   1 J  m.  S.W.  of  Bath,  occur  species  of  the  genus 
I   Maclurea  or  Extomphalus  (not  determinable,  because  poorly  pre- 
»    served)  which  are  probably  of  Chazy  age ;  a  short  distance  N.E. 
of  this  locality  and  also  at  Christian  Springs  are  Crinoidal  stemSy 
-which  are  abundant  and  of  Trenton  age ;  just  outside  of  Nazareth, 

*  For  some  unexplaiDed  reason,  Mr.  Prime's  name  is  in  the  running  title  of  the 
whole  Tolame. 
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besides  erinoidal  remains,  a  few  specimens  of  Orthis  te$tudinaria; 
nearly  \  m.  S.  W.  of  Stockertown,  similar  erinoidal  sterns^  Chc^etei 
If/coperdon  and  Orthis  testudinaria ;  at  Churehville,  along  ^ntb 
the  same  erinoidal  stems,  Lepkena  sericea^  Orthis  testudinaria^ 
O.  pectinelia  ;  on  the  Delaware,  south  of  and  close  to  HowelPi 
cotton-mill,  besides  the  species  of  LeptCBna  and  Orthis  jast  men- 
tioned, also  Strophomena  aUemcUa  and  Chcetetes  lycoperdon^  the 
specimens  in  some  spots  crowded.  Mr.  Prime  conclades  from 
this  best  of  evidence  that  the  limestone  formation  is  in  part 
IVenton^  in  part  Chazy^  and  infers  doubtingly,  on  lithological  evir 
dence,  that  the  limestone  on  the  north  flank  of  the  Soath  Mount- 
ain range  is  Calciferous ;  and  since  the  Trenton  limestone — in 
many  places  holding  its  characteristic  fossils — lies  conformably 
beneath  the  adjoining  slates  and  shales,  these  slates  and  shales 
must  be  of  Utica  and  Hudso7i  River  age ;  and  be  adds  ^'  there  ii 
not  a  particle  of  evidence  that  any  of  these  limestones  belong  to 
Huronian  or  older  periods."  At  one  locality  graphite  scales  occur, 
with  traces  of  brachiopod  shells.  The  limestone  has  in  some 
parts  intercalated  layers  of  hydromica  slate,  and  others  ol 
quartzyte.  These  and  various  other  points  connected  with  the 
limestone  formation  are  discussed  at  length  in  the  report.  The 
facts  as  to  fossils,  geological  age,  metamorphic  character  of  th< 
limestone,  and  association  conformably  with  hydromica  slates,  an 
precisely  in  accord  with  those  connected  with  the  great  meta* 
morphic  limestone  on  the  west  part  of  the  Green  Mountain  region 
in  Vermont,  where  the  slates  are  those  of  the  Taconic  range. 

Professor  I-iesley  reviews  the  topography  of  Northamptoo 
County  and  the  associated  region  to  the  east,  south  and  southwest 
describes  the  sink-holes,  and  the  underground  drainage  connecter 
therewith,  in  the  limestone  region ;  and  states  in  brief  the  geo 
logical  constitution  of  the  ridges  and  valleys.  The  question  as  t< 
uuconformability  in  Pennsylvania  between  the  Lower  Silurian 
and  the  overlying  beds — the  Oneida  Conglomerate — is  decided  by 
him  adversely.  Professor  Jjcsley  continues  with  a  discussion  of 
the  general  question  whether  unconformability — as  a  result  of  an 
epoch  of  mountain-making — exists  in  the  region  of  the  Hudson 
River  valley  to  the  north,  where,  such  evidence  has  been  thought 
to  indicate  a  disturbance  after  the  Lower  Silurian  era.  He  com- 
mences by  saying  tliat  out  of  the  alleged  facts  "  an  hypothesis 
has  been  framed  and  made  to  apply  to  a  thousand  miles  of  the  con- 
tinent;" but  by  whom,  he  does  not  state,  or  in  what  publication; 
the  published  conclusions,  as  far  as  the  writer  knows,  confining 
the  supposed  upturning  to  the  regions  east  of  the  Hudson,  with  a 
narrow  strip  west  of  part  of  it,  and  the  extension  of  the  uncon- 
formability southwestward  being  treated  simply  as  a  proper  sub- 
ject for  investigation.  His  arguments  against  the  unoonforma- 
bility  in  the  Hudson  River  valley  are  based  on  general  considersi 
tions,  not  on  facts  derived  from  personal  observations  in  th^ 
region,  such  as  seem  necessary  to  settle  a  question  in  straUfica 
tion.    The  fact  that  there  is  a  great  gap  in  the  series  of  forma 
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tioDS  above  the   Lower  Silurian,  including  all  of  the  Oneida, 
Medina,  Clinton  and  Niagara  formations,  except  a  few  yards  of 
tbe  latter,  which  all  New  York  geological  observers  have  described, 
is  set  aside  by  arguing  the  case.     Mr.  Davis's  statement  with 
regard  to  the  conformability  of  Lower  and  Upper  Silurian  strata 
at  the  eastern  base  of  the  Catskills,  that  gap  in  the  series  excepted, 
ii  cited  as  in  opposition ;  while  in  fact  the  region  is  outside  (west) 
of  the  supposed  area  of  upturning.     Other  arguments  are  based 
on  facts  derived  from  localities  "  far  south  of  the  Hudson  River 
belts''  in  New  Jersey  and  Pennsylvania,  which  also  are  outside 
of  the  area  of  Green  Mountain  disturbance,  and  affect  only  the 
question  that  future  geologists  will  discuss  with  new  facts — as 
to  the  southwestern  extension  or  limit  of  the  Green  Mountain  dis- 
turbance.    The  facts  in  Mr.  Davis's  excellent  papers  on  Becraft's 
Mountain  and  the  Rondout  region,  published  in  this  Journal  since 
Professor  Lesley's  report  appeared,  are  to  the  point,  and  of  the 
tind   needed   to   settle  the   question.      His   observations  about 
Becraft's  Mountain  put  the  question  in  just  the  state  in  which  it 
was  left,  in  the  writer's  hearing,  bjr  the  New  York  geologists,  at 
a  meeting  of  the  American  Association  of  Geologists  and  Nat- 
uralists over  thirty-five  years  since ;  they  afibrd  some  reason  for 
doubting  the  unconformability,  but  stronger  for  sustaining  it. 
The  Rondout  facts  are  of  the  positive  kind,  too  positive  to  be 
distarbed    by   imagined  or  not  proven   overturns.      The  facts 
&vor  strongly  the  view  that  the  close  of  the  Lower  Silurian  was 
to  epoch  of  mountain-making,  along  the  Green  Mountain  region. 
That  an  epoch  of  some  degree  of  disturbance  in  Eastern  North 
America  intervened  directly  after  the  Lower  Silurian — is  shown 
also  by  the  Lower  Silurian  uplift  about  the  Cincinnati  region, 
veil  proved  by  Newberry,  and  that  on  the  same  southwest  and 
Dortbeast  line  (parallel  to  the  general  course  of  the  Appalachians) 
Id  Tennessee,  made  known  by  Safford's  investigations. 

Professor  Lesley  reviews  also  facts  connected  with  the  stratifi- 
cation of  the  limestone,  the  Archaean  rocks  of  South  Mountain, 
and  tbe  Ice-age.  j.  d.  d. 

4.  Pennsylvania  Geological  Survey. — Besides  the  volume  above 
noticed,  the  survey  has  recently  issued  the  following  reports. 
Xo.  AA,  of  plates.  The  Southeni  Anthracite  Field,  vol.  L — No. 
AC,  with  an  atlas.  On  the  Mining  Methods  and  Appliances  used 
in  the  Anthracite  Coal  Fields,  by  H.  M.  Chance. — No.  C4,  The 
Geology  of  Chester  County  after  the  surveys  of  H.  D.  Rogers, 
P.  Frazer  and  C.  E.  Hall,  edited  by  J.  P.  Lesley.— No.  D3,  Berks 
County,  by  E.  Y.  D'Invillicrs. — No.  Do,  Adams,  Franklin  and 
Cumberland,  maps. — No.  1 4,  On  Warren  County  and  the  neigh- 
boring Oil  Regions,  by  John  F.  Cakll. 

5.  The  Contents  of  a  Bone  Cave  in  the  Island  of  Angiiilla  ; 
by  E,  D.  CoPK.  Smithsonian  Contributions  to  Knowledge,  No. 
489.  Washington,  1883.  30  pp.  4to,  with  5  plates. — This  paper 
is  a  full  description  of  the  bones  from  the  Anguilla  Cave — par- 
tially described  by  Professor  Cope  in  1868.     The  extinct  species 
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are  large  Rodents  of  the  ^enus  Amhlyrhita  and  a  small  Rumi- 
nant, probably  of  the  Bovidsd,  besides  others  not  determinable; 
and  in  the  same  cave  were  obtained  a  scraper  or  chisel  made  by 
man  from  the  large  shell  Strombus  gigaa.  Whether  the  Ambly- 
rhiza  and  the  Ruminant  are  of  the  same  era,  or  man  and  either  of 
these  species,  is  not  ascertained.  Professor  Cope  remarks  that 
the  deposit  containing  the  Amblyrhiza  is  not  in  his  view  ^^  earlier 
than  tlie  Pliocene."  The  paper  closes  with  the  following  infer- 
ence. '^  The  island  of  Anguilla,  now  embracing  but  30  square 
miles  could  not  readily  have  supported  a  fauna  of  which  these 
huge  Rodents  formed  a  part."  "This,  and  other  facts  mentioned 
by  Pomel,  lend  probability  to  the  hypothesis  of  the  latter  author, 
that  the  submergence  of  the  ranges  connecting  many  of  the 
islands  of  the  Antilles  has  taken  place  subsequent  to  Pliocene 
times."  Such  facts  bear  also  on  the  question  of  a  coral  reef  sub- 
sidence in  those  seas  since  the  Pliocene. 

6.  On  the  Chryaolitic  beds  or  Dunyte  of  North  Carolina  ;  bj 
A.  A.  JuLiKN.  (Proc,  Bost.  Soc.  Nat.  Hist.,  xxii,  141,  December, 
1882.) — In  this  important  paper.  Professor  Julien  shows  that  the 
well  known  dunyte  of  North  -Carolina,  which  occupies  *'  mainly  a 
zone  in  the  mountain  plateau  between  the  Blue  Ridge  and  the 
Great  Smoky  Range  250  km.  long  and  15-30  km.  wide"  is  dis- 
tinctly bedded,  and  is  enclosed  in  a  stratum  of  black  and  slaty 
hornblende-gneiss,  in  a  region  of  gneisses  and  other  schists.  The 
rock  has  a  slaty  lamination  due  to  bedding,  like  that  of  the  horn- 
blende gneisses,  and  it  is  conformable  to  the  latter  in  strike  an^ 
dip  with  only  local  exceptions.  At  a  few  localities  it  is  inter- 
bedded  with  the  latter  in  layers  1  to  6  yards  thick.  Professoi 
Julien  thus  proves,  as  he  urges,  that  the  chrysolite  rock  was 
originally  of  sedimentary  origin  like  the  associated  schistsl  He 
also  treats  of  the  alterations  of  the  dunyte,  under  the  heads  oi 
Chalcedonic,  Homblendic,  Talcose,  Ophiolitic  and  Dioritia  Al] 
the  hornblende  within  the  chrysolite  rock  is  attributed  to  altera- 
tion, like  the  serpentine,  talc,  chalcedony,  and  this  rock  is  sup- 
posed to  have  originated  in  sedimentary  deposits  of  chrysolite 
sand.  But  the  occurrence  of  the  chrysolite  stratum  in  and 
among  hornblende  schists  suggests  that  the  hornblende  of  these 
schists  and  of  the  chrysolite  was  alike  in  metamorphic  origin  and 
source,  and  it  seems  to  be  hardly  probable  that  the  material  so 
changed  was  throughout  ehrvsolite. 

7.  "  Lenticular  BiUs^'—tsote  by  Prof.  C.  H.  Hitchcock. 
(Tjetter  to  J,  D.  Dana,  dated  Hanover,  N.  H,  Nov.  27th.) — ^It  is 
not  common  for  me  to  find  some  of  my  views  or  descriptions 
ascriboil  to  my  father ;  but  in  your  remarks  about  the  "  lenticular 
hills"  (this  Journal,  III,  xxvi,  p.  358),  you  speak  of  them  as 
havinff  been  described  by  him.  I  am  glad  to  say  that  he  would 
have  invented  a  better  expression  than  "lenticular"  hills,  if  he 
had  described  them.  I  suppose  we  may  call  them  "  drumlins," 
as  that  term  has  been  applied  to  them  in  Scotland. 
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8.  On  the  probable  occurrence  of  Herderite  in  Maine;  by  Wm. 
Easl  Hidden.  (Communicated  in  a  letter  dated  Newark,  New 
Jersey,  December  11,  1883.) — ^To  Mr.  Nathan  H.  Perry,  of 
Soath  Paris,  Maine,  an  earnest  and  successful  collector  of  Maine 
minerals,  and  the  discoverer  of  many  new  mineral  localities  in  his 
State,  I  am  indebted  for  a  few  specimens  of  a  dark,  oil-green 
mica,  having  implanted  on  it  clear  crystals  of  a  mineral  resem- 
bling some  varieties  of  apatite.  The  preliminary  examination 
which  I  have  made  makes  it  probable  that  the  mineral  is  the  rare 
species  Herderite.*  The  crystals  are  short,  terminated  prisms, 
of  from  1™™  to  1®"  in  length  and  diameter,  transparent  to  trans- 
lucent. Surfaces  smooth  and  not  highly  polished,  but  bright. 
Luster  greasy-vitreous.  Streak  white.  Colorless  to  faintly  yel- 
lowish. Hardness  5.  Sp.  6rav.  3.  Crystals  orthorhombic,  with 
/a-?  =11^  (hand  goniometer).  Among  the  planes  already 
observed  are  jf,  t-i,  U,  three  macrodomes,  one  brachydome  and 
fhree  octahedral  pyramids.  A  partial  qualitative  examination 
has  shown  the  presence  of  phosphorus  in  large  quantities.  A 
eareful  analysis  is  now  under-way  by  Mr.  J.  B.  Mackintosh,  E.M., 
of  the  School  of  Mines,  New  York  City,  and  will  shortly  be  pub- 
tiftbed,  with  a  full  account  of  the  metnod  of  occuiTence  and  the 
general  physical  characters  of  the  mineral. 

This  mineral  had  been  previously  called  topaz,  from  its  resem- 
blance to  that  species  in  form  and  color,  and  also  from  the  fact  of 
its  being'foand  at  Stoneham,  Maine,  in  the  pockets  that  yielded 
^e  fine  crystals  of  topaz  noticed  in  this  Journal  by  G.  F.  Kunz 
(in,  IX V,  p.  161),  but  the  absence  of  the  characteristic  basal 
cleavage  and  of  the  hardness  of  that  mineral  led  me  to  make  the 
obserratioDS  whose  results  have  been  given. 

[N'ote, — Since  the  above  notice  was  received  from  Mr.  Hidden, 
the  writer  has  had  placed  in  his  hands,  by  Professor  Brush,  a  few 
crystals  of  the  supposed  herderite  from  Maine ;  these  specimens 
were  sent  by  Mr.  Perry.  A  partial  examination  of  these  crystals 
shows  that  they  approximate  closely  in  form  to  that  given  for 
herderite,  so  that  there  can  be  but  little  doubt  of  the  correctness 
of  Mr.  Hidden^s  determination.  The  crystals  are  prismaticaily 
developed  in  the  direction  of  the  brachydiagonal  axis  (see  fig. 
454,  p.  546,  Dana's  Syst.  Min.)  The  planes  observed  are :  0(001), 
1-1(010),  I  (110),  i-l  (302),  1-X  (Oil),  34  (031),  64  (061),  f  (322), 
3  (311).  Of  these  planes  all  occur  on  herderite  except  J-^,  34,  f. 
The  angles  thus  far  obtained  are  only  approximations,  but  they 
serve  to  show  a  close  correspondence  between  the  Maine  phosphate 
and  herderite,  for  example  :  —  Zy\  7=11 6^°,  for  herderite  =115" 
W;  Oys  14=156°  40'  for  herderite=156"  59';  0/^3  =  112°  40' 
forherderite=112°  35'.— E.  S.  Dana.] 

9.  Analyses  of  Brazilian  Minerals,  ((Communicated  by  Or- 
ville  A.  Derby  in  a  letter  dated  Rio  Janeiro,  October  30,  1883). — 

*  Probably,  aocordlog  to  trials  by  PlattDer  and  Turner,  an  anhydrous  phosphata 
<rf alumina  and  lime  with  fluorine,  orthorhombic  with  /  ^  7=  1 15"  53',  G.  =  2-985. 
Baidinger,  PhiL  Mag.,  IV,  i,  1828.    J.  D.  Dana's  System  Min.,  p.  546. 
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GoBOBix  gives  the  following  analyses  of  minerals  from 
Preto  (formerly  Villa  Rica),  in  the  province  of  Minas  Gh 
Brazil. 

Green  mica  (fuchsite) ;  specific  gravity  3*1. 

SiOi      AlaOs^FeaOs    Or,0s      MgO      K,0      Na,0    YolatUe  matter. 
466  37-2  0-9         0*8         7-9  1-3  4*7       = 

HydrargiUite  ;  specific  gravity  2*3. 

66-2  34-8  =:  10000 

Wavellite;  specific  gravity  2*34. 

P,0»  F  AlaO,  GaO  MgO  H,0 

330  3-6  361  0*3  0*2  26*2  =»  99*4 

Gorceix  calls  attention  to  the  large  amount  of  fluorine  presc 
this  mineral;  it  was  determined  by  the  St.  Claire  Deville  pn 

PyrcphyUite;  in  greenish  white  acicular  crystals ;  specinc  \ 
itv  2-76. 

SiOi  AliOs  FeO  CaO  H,0 

66-3  280  1-7  0*4  6-6  =  100-9 

In  the  same  article  the  occurrence  of  rolled  crystals  of  monaz 
the  diamond  sands  of  the  Jequetinhonha  near  Diamantina  is  t 
A  similar  mineral,  found  abundantly  in  sands  from  Caravel 
the  province  of  Bahia,  consists  essentially  of  phosphate  of  c< 
and  other  rare  earths,  but  differs  from  the  Jequetinhonha  i 
mens  in  specific  gravity  (5*01)  and  in  aspect.  Its  cryst 
form  could  not  be  determined.  By  error  it  is  stated  to  be 
the  Serra  de  Quebra  Cangalha  in  the  province  of  Sao  Panlo. 

10.  Qroddeckite:  a  new  miner al  of  the  Chahaziie  grau} 
new  zeolite,  to  be  regarded  as  a  variety  of  gmelinite,  has  bei 
cently  described  by  Abzruni.  It  was  discovered  by  him 
single  specimen  in  the  museum  of  the  Clausthal  Bergakad 
which  was  obtained  in  1867  from  the  Frans-August  ve 
Andreasberg  in  the  Harz.     The  mineral  occurs  in  small  1 

?arent  crystals,  with  vitreous  luster,  covering  oalcite  cry 
'he  crystals  form  combinations  of  a  rhombohedron,  a  Scale 
dron  nearly  coincident  with  it,  and  a  hexagonal  prism ;  in  i 
and  angles  it  is  hardly  to  be  distinguished  from  gmelinite. 
hardness  is  between  3  and  4.     An  analysis  by  Broockmann 
0*0559  gr.  gave  the  following  results : 

SiO.        AUO,      FeaO,       CaO       MgO        Na.O         HjO 

61-2  120  7-7  11  3-3  [4-6J  202  =  100* 

A  comparison  of  the  above  with  the  percentage  compositi 
gmelinite  shows  that  the  new  species,  or  more  properly  new 
ety,  differs  in  the  substitution  of  iron  sesquioxide  for  part  o 
alumina,  and  of  magnesia  for  part  of  the  lime.  The  higl 
centage  amount  of  silica  is  ascribed  to  an  admixture  of  qi 
but  the  material  ttb|M|LBML  jUM>  scant v  to  allow  of  direct  i 
of  this  point,  Qeill^^^^Hntiier  ana  more  complete  anal 
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the  composition  coDsequently  must  be  considered  somewhat 
doabtfal.  The  mineral  is  named  from  Dr.  A.  von  Groddeck, 
Director  of  the  Bergakadamie  at  Claasthal. — Z.  Kryst^  viii,  343^ 
1883. 

11.  Mineral  Resources  of  the  United  States;  by  Albert 
WiLUAMB,  Jr.,  Chief  of  Division  of  Mining  Statistics  and  Tech- 
nology. 813  pp.  8vo.  Washington,  1883.  (U.  S.  Geological 
Surrey,  J.  W.  Powell,  Director). — Mr.  Williams  has  performed  a 
work  of  much  importance  in  bringing  together  the  extended  series 
of  statistics  contained  in  this  volume.  The  magnitude  of  the 
results  accomplished  is  especially  remarkable  in  view  of  the  short 
time  taken  for  the  preparation  of  the  volume.  The  subject  is 
treated  in  two  parts :  the  first  contains  statements  and  statistics  in 
regard  to  the  occurrence  and  production  of  the  individual  mineral 
products,  as  coal,  petroleum,  also  iron,  copper,  lead,  zinc,  etc. ;  and, 
after  the  metallic  productSp  others  as  building  stones,  bricks,  clays^ 
fertilizers,  salt,  borax,  sblphur,  etc.  To  the  more  important  of 
these  products  chapters  of  considerable  length  are  given ;  thus  to 
the  subject  of  coal  about  one  hundred  pages  are  devoted,  and 
similarly  of  iron,  copper,  lead,  and  so  on.  These  larger  chapters 
have  been  prepared  m  whole  or  in  part  by  different  contributors, 
whose  past  work  has  given  them  especial  opportunities  for  acquir- 
ine  a  Imowledge  of  the  facts,  and  they  contain  a  vast  amount  of 
Taloable  information  in  regard  to  the  amount  of  each  material 
mined,  the  cost  of  production  and  allied  details. 

The  second  part  of  the  volume  contains  statistics  in  tabular 
fonn,  arranged  according  to  States,  giving  the  scientific  and  pop- 
ular names  of  the  various  ores,  minerals,  etc.,  which  are  now 
mined,  and  in  a  second  table  those  which  are  known  to  occur,  but 
which  are  not  at  present  mined,  with  a  general  statement  of  the 
localities.  These  tables  do  not  profess  to  be  complete  in  their 
present  form,  but  they  form  a  nucleus  which  may  be  expanded 
and  revised  as  additional  facts  are  collected. 

12.  Lehrbuch  der  Mineralogie  ;  von  Dr.  Gustav  Tschermak. 
lIILieferung,  pp.  869-689.  Vienna,  1884  (Alfred  Holder).— The 
two  preceding  parts  of  Professor  Tschermak's  Mineralogy  have 
already  been  noticed  in  this  Journal  (III,  xxiii,  p.  68  ;  xxiv,  p. 
232);  this  third  part  concludes  the  work.  It  contains  the  descrip- 
tion of  species,  with  an  appendix  devoted  to  a  brief  statement  of 
the  mineral  constituents  of  meteorites.  This  portion  of  the  Text 
Book  is  very  much  condensed,  too  much  so  to  be  entirely  satis- 
factory, but  it  contains  much  that  is  fresh,  particularly  in  the 
way  of  figures.  The  work  as  a  whole  is  an  excellent  one  for  the 
class  of  students  for  whom  it  has  been  prepared. 
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III.  Astronomy. 

1 .  Observations  ypon  the  Comet  Pons-Brooks  made  at  the 
servatory  of  Yale  College;  by  O.  T.  Shebman. — The  coi 
Pons-Brooks  has  been  followed,  at  the  Observatory,  by  the  ec 
torial  of  8  inches  aperture  (presented  by  E.  M.  Keed,  Ei 
as  steadily  as  circumstances  permitted.  Up  to  date  (Dec.  1( 
thirty-foar  observations  of  position  have  been  obtained ; 
observations  yielding  the  position  of  the  plane  of  polarizati 
and  six  the  percentage. 

When  first  seen,  Sept.  6,  the  nebulosity  was  very  faint  glc 
lar,  about  60'  in  extent,  without  definite  nucleus ;  Sept.  25 
comet  had  suddenly  increased  in  brightness,  presenting  an  c 
96'  by  64'  in  extent,  light  almost  equally  diffused.     STo  sh 
nucleus.     The  direction  of  the  elongation  was  about  N.  15** 
Sept.  27-Oot.  3,  the  nucleus  continued  to  grow  brighter  while 
nebulosity  remained  indistinct.     Oct.  16,  the  coma  or  conde 
tion  around  the  nucleus  became  distinct  from  the  outer  nebii 
ity,  the  direction  of  elongation  being  about  S.  20°  E.     Oct. 
27,  there  was  a  suspected  tail  about  10'  in  extent,  which 
again  disappeared  by  the  30th.     Nov.  2d  it  appeared  again  : 
globular  body  presenting  a  sharp  nucleus  with  a  coma  of  al 
50'  surrounding  it  and  a  nebulosity  of  about  3'.      Nov.  1*? 
there  was  again  a  suspected  development  of  the  tail.     Nov.  2 
again  presented  a  form  similar  to  Nov.  2dy  but  with  a  fourth 
tinction  in  brightness,  the  dimensions  being  (approximately), 
coma  60' ;  inner  nebulosity  8' ;  outer  nebulosity  10'.    On  the  c 
immediately  following,  the  distinctness  of  the  third  outline 
lost  and  the  coma  became  somewhat  radiated.     Dec.  3d,  the  c< 
appeared  somewhat  lens-shaped,  extending  crosswise  of  the  m 
losity  about  6'  by  1'.     The  nebulosity  was  oblong,  about  12'  b; 

When  examined  by  a  Nicol's  prism  there  appear  two  posit 
of  maximum  intensity,  two  of  minimum  but  no  disappeara 
At  the  time  of  least  intensity  the  nucleus  and  a  portion  of 
coma  appear  deprived  of  the  nebulosity.  Under  a  double  in 
prism  the  position  of  equal  intensity  is  24° '6  removed  from 
nearer  position  of  maximum-minimum  intensity. 

2.  Spectroscopic  Observations  of  Comet  Poiis-Brooke  ;  by 
N.  DE  KoNKOLY. — The  spectrum  was  very  faint  and  appeare 
a  diff'used  nebulous  spot  of  light.  After  looking  iu  the  spe< 
scope  for  a  long  time  I  saw  three  bright  bands  in  the  specti 
The  bands  were  all  extremely  faint  and  diffused  on  both  si 
the  slit  beinuf  opened  rather  wide.  The  second  band  from 
red  end  was  the  brightest,  the  third  band  was  tlie  next  brigh 
and  the  least  refrangible  band  near  the  red  portion  of  the  8 
trum  was  the  faintest.  All  three  bands  ended  in  a  faint  p< 
They  were  of  unequal  lengths ;  the  brightest  being  the  \ox\\ 
the  least  refrangible  next,  and  the  band  toward  the  more  refra 
ble  end  of  the  spectrum  the  shortest. 
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There  were  moments  in  which  for  one  or  two  seconds  at  a  time 
the  bands  were  very  clear  and  bright,  and  at  these  times  they 
seemed  to  be  much  shorter  than  ordinarily.  I  should  say  but  one- 
third  the  length, — a  singular  phenomenon  which  I  have  never 
seen  on  any  otner  occasion. —  Observatory^  and  Astr.  NachnchUn, 

3.  Ohservoitions  of  the  Qreat  Comet  o/'1882  made  at  the  U,  S. 
y.  Ohseroatory, — ^This  appendix  to  the  volume  of  Observations 
for  1880  is  prepared  by  W.  C.  Winlock,  by  whom  the  larger  part 
of  the  observations  were  made.  The  comet  was  observed  first  on 
the  19th  of  September  by  daylight,  two  days  after  the  perihelion 
passage.  It  was  last  seen  on  the  4th  of  April  Eight  diagrams 
are  given  of  the  appearance  of  the  head,  seven  of  them  as  seen  in 
the  26'inch  equatorial,  showing  the  disintegration  of  nucleus,  and 
the  gradual  separation  of  the  several  parts.  Observations  for  the 
comet's  position,  differential  measurements  of  the  points  of  light 
of  the  nuclei,  descriptions  of  the  shape  and  appearance  of  the  tail, 
and  also  of  the  curious  "  outer-envelope"  or  "  veil"  that  extended 
back  toward  the  sun  are  all  given  in  detail.  h.  a.  n. 

IV.  Miscellaneous  Scientific  Intelligence. 

1.  Export  of  the  Superintendent  of  the  U.  S.  Coast  and  Geo- 
detic Survey  for  1882.  Washington :  Government  Printing  Of- 
fice. 1883.  4to,  665  pages  and  52  plates. — This  report  has  just 
been  received  from  the  Public  Printer  and  is  now  ready  for  dis- 
tribution. As  usual  the  first  part  of  the  volume  is  devoted  to  a 
statement  of  the  progress  mad^  by  the  various  branches  of  the  Sur- 
vey in  all  parts  of  the  country  and  shows  that  the  work  is  being 
prosecuted  with  vigor  and  a  discriminating  regard  for  the  require- 
ments of  the  country  at  large,  and  the  necessities  of  those  portions  of 
oar  extensive  coast  line  which  are  as  yet  unsurveyed.  This  por- 
tion closes  with  detailed  statements  by  the  Chiefs  of  Divisions  of 
the  Coast  and  Geodetic  Survey  Office  of  tbe  work  done  under  their 
direction.  Following  the  report  proper  of  the  Superintendent,  and 
the  statistical  reports  from  Divisions,  are  a  number  of  monographs 
relative  to  the  work.  As  a  collection  this  is  the  most  important 
series  of  papers  yet  published  by  the  Survey. 

The  principal  geodetic  work  executed  during  the  year  was  the 
measurement  of  the  Yolo  Base  in  California.  This  primary  base 
line  is  situated  in  the  Sacramento  Valley,  about  twenty  miles  west 
of  the  city  of  Sacramento  and  parallel  to  the  general  direction  of 
the  Coast  Range.  As  tbe  primary  triangulation  in  California  has 
furnished  the  largest  triangles  known  to  geodesy,  so  also  in  this 
base  line  we  have  one  of  the  longest  primary  bases  ever  measured. 
It  is  17'49  kilometers  in  length.  Preparations  for  its  measurement 
had  been  in  progress  for  several  years  and  for  this  purpose  a  new 
compensating  base  apparatus  was  constructed  on  a  principle  not 
new  in  itself  but  new  as  applied  to  base  apparatus.  It  was  made 
from  the  designs  and  under  the  supervision  of  Mr.  C.  A.  Schott, 
Assistant  C  and  G.  Survey.  The  standard  of  reference  is  the  iron 
"Committee  Meter"  of  the  United  States,  one  of  the  original 
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meters  used  by  the  French  Committee  in  1795.  In  connectioi 
with  the  construction  of  the  base  apparatus  the  coefficient  of  ei 
pansion  of  the  Committee  meter  was  elaborately  redetermined.  A 
detailed  account  of  the  steps  followed  in  the  determination  of  tbt 
coefficients  of  expansion  and  lengths  of  the  various  bars  used,  o 
the  primary  and  secondary  compensation,  and  of  the  resultinj 
lengths  of  the  5-meter  standards  and  measuring  bars,  is  given  u 
Appendix  No.  7,  bj  C.  A.  Schott. 

Following  this  is  a  paper  by  Professor  Geo.  Davidson,  Assist 
ant  Coast  and  Geodetic  Survey,  giving  an  account  of  the  meafl 
urement  of  the  Yolo  Base,  of  which  work  he  had  charge.  H< 
gives  a  short  history  of  the  base,  its  selection  and  survey,  an( 
method  of  marking  the  ends,  and  then  goes  into  a  more  detai1e< 
account  of  the  operations  immediately  connected  with  the  meaa 
urement.  The  working  force  was  twenty-one  persons,  seven  offi 
cers  and  fourteen  men.  All  the  operations  of  measurement  wen 
conducted  under  a  large  canvas  screen  moving  on  wheels  an^ 
pushed  forward  by  hand.  The  party,  as  well  as  the  apparatus 
was  thus  protectea  from  the  direct  rays  of  the  sun.  Daily  com 
parisons  were  made  between  the  measuring  bars  and  the  standard 
On  the  first  measurement  heavy  ^'kilometer  stones"  were  pu 
down  at  the  end  of  every  200th  bar  and  on  the  second  measure 
ment  comparisons  were  made.  Whenever  the  field  reduction 
indicated  a  difference  between  the  two  exceeding  four  millimeter 
the  kilometer  was  again  re-measured.  This  was,  however,  no 
done  until  the  completion  of  the  second  measure.  Seven  kDomf 
ters  were  thus  re-measured,  but  the  office  reduction  showed  tha 
the  introduction  of  certain  small  quantities  of  which  no  note  coul 
be  taken  in  the  hurried  work  of  a  field  reduction  made  suoh  coi 
rections  to  the  field  differences  that  the  third  measurement  wouh 
nowhere  have  been  necessai'y.  The  probable  error  from  all  source 
combined  is  0*0096  meter.     Expressed  as  a  vulgar  fraction  this  i 

igijtooo  o^  ^h«  length.  . 

The  next  paper  is  a  reprint,  with  additions,  of  the  manual  o: 
the  "  Field  work  of  the  Triangulation,*'  by  R.  D.  Cutts,  Assistan 
Coast  and  Geodetic  Survey.  Tliis  paper  was  originally  printe< 
in  the  Coast  Survey  Report  for  1868,  and  again  printed,  with  ad 
ditions,  as  a  separate  publication  in  1877.  In  its  present  form  i 
is  still  further  enlarged  and  is  fully  adapted  to  the  needs  and  re 
quirements  of  geodetic  practice  at  the  present  day.  The  portioi 
of  the  manual  devoted  to  signals  is  elaborated  in  a  separate  papei 
on  the  subject  by  C  O.  Boutelle,  Assistant  Coast  and  Geodeti< 
Survey.  In  this  are  given  a  number  of  tables  which  will  be  o 
value  and  assistance  to  those  having  such  signals  to  erect. 

In  addition  to  the  one  already  mentioned  there  are  three  othe 
papers  from  the  fertile  pen  of  Mr.  Schott.  One  is  a  discussion  a 
the  results  of  the  line  of  transcontinental  spirit  levelling  now  con 
ducting  in  connection  with  the  triangulation  of  the  d9th  parallel 
Bi'ginniug  with  the  mean  tide  level  at  Sandy  Hook,  N.  J.,  the  lin< 
of  levels  passes  Hagerstown,  Md.,  Grafton,  W.  Va,,  Mitchell,  Ind. 
and  has  now  progressed  seventy  miles  beyond  St.  Looia.     Thi 
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kTelB  were  executed  by  the  use  of  the  ''  geodesio  level,"  a  double 
line  being  ruo^  not  simultaneously  but  forward  and  back  over 
«hort  spaces.  The  small  difference  between  the  two  and  the  very 
ilow  accumulation  of  error  shows  the  great  accuracy  attainable 
with  this  instrument.  A  discussion  of  tne  results  shows  a  proba- 
ble error  of  only  47  millimeters  for  the  height  of  the  bench  mark 
on  the  bridge  at  St.  Louis,  the  linear  distance  from  Sandy  Hook 
being  1784*6  kilometers  =  1191*4  statute  miles. 

The  other  two  papers  by  Mr.  Schott  relate  to  terrestrial  mag- 
netism.    One  is  a  fiuh,  and  considerablv  enlarged,  edition  of  his 
previously  published  work  on  the  "  Secular  Variation  of  the  Mag- 
netic Declination  in  the  United  States  and  at  some  foreign  sta- 
tions.*'    Th^  constant  demand  for  this  paper  renders  necessary  its 
frequent  republication  and  it  is  so  well  Known  that  more  detailed 
mention  of  it  need  not  here  be  made.     Following  this  is  a  paper 
giving  magnetic  declination  for  the  epoch  1885*0  at  more  than 
2300  stations  in  and  on  the  confines  of  the  United  States  and 
Alaska.     It  is  accompanied  by  isogenic  charts  for  the  U.  S.  and 
Alaska.     The  last  chart  of  this  character  published  by  the  Survey 
appears  in  the  report  for  1876  and  represents  the  distribution  of 
terrestrial  magnetism  in  the  United  States  for  the  epoch  of  1875*0. 
Following  the  last  named  paper  is  one  by  Professor  J.  £.  Hil- 
gard  giving  the  results  for  magnetic  declination,  dip  and  intensity 
as  obtained  between  1871  and  1876,  through  aid  of  a  portion  of 
the  Bache  Fund  for  scientific  research,  so  applied  by  the  Na- 
tional Academy  of  Sciences,  aud  of  which  work  Professor  Hil- 
gard  had  the  direction.     One  hundred  and  forty  stations  were 
occnpied.     They  represent  twenty-six  States  and  Territories,  from 
Vermont  to  Floriaa  and  Wyoming,  and  also  Canada  and  New 
Branswick.     Observations  for  declination  were  made  at  141,  for 
dip  at  94,  and  for  intensity  at  93  stations.     Full  abstracts  of  the 
rwults  are  given  and  the  values  were  used  in  the  preparation  of 
tbeisogonic  charts  of  1875  0  and  of  1885*0. 

Five  papers  devoted  to  the  consideration  of  hydrographic  ques- 
tions come  next.  Of  these  the  most  important  is  a  ''  Discussion 
of  the  tides  of  the  Pacific  Coast  of  the  U  nited  States,"  by  Wm. 
Fenrell,  whose  contributions  to  meteorology  and  tidal  researches 
have  become  everywhere  known.  In  this  paper  Mr.  Ferrell  dis- 
cusses the  hourly  results  for  a  period  of  three  years  at  the  stations 
Port  Townsend,  Astoria  and  San  Diego,  and  his  deductions  form. 
a  valuable  addition  to  the  data  previously  in  hand  for  predicting 
the  tides  on  that  coast.  The  other  papers  are  a  **  Comparison  of 
the  Survey  of  Delaware  River  of  1819,  between  Pettys  and  Tini- 
cum  Islands,  with  more  recent  surveys,"  by  H.  L.  Marindin,  As- 
sistant Coast  and  Geodetic  Survey ;  a  "  Study  of  the  effect  of 
river  bends  on  the  lower  Mississippi,"  by  Henry  Mitchell,  Assist- 
ant Coast  and  Geodetic  Survey ;  a  "  Report  on  the  Siemens'  Elec- 
trical Deep  Sea  Thermometer,"  by  Commander  J.  R.  Bartlett, 
U.S.N.,  Assistant  C.  and  G.  Survey,  commanding  C.  and  G.  Survey 
Steamer  Blake,  and  on  "  Recent  Deep  Soundings  off  the  Atlantic 
Coast  of  the  United  States,"  by  Lieut.  J.  E.  Pillsbury,  U.S.N., 
Assistant  C.  and  G.  Survey,  Acting  Hydrographic  Inspector. 
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Succeeding  these  are  a  paper  by  Professor  Geo.  Davidson  giv- 
ing an  account  of  the  total  solar  eclipse  of  January  11,  1880,  ai 
observed  by  him  at  Mt.  Santa  Lucia,  California,  ana  a  "New Re 
duction  of  Lacaille's  Observations  of  Fundamental  Stars  in  the 
Southern  Heavens"  (between  1749  and  1757),  the  computations 
of  which  were  made  by  Dr.  C.  R.  Powalky,  under  direction  oi 
the  National  Academy  and  at  the  expense  of  the  Bache  Fund. 
This  paper  will  find  publication  in  the  Bache  Fund  Memoirs,  but 
is  here  published  to  give  earlier  appearance  to  so  important  a 
work.  This  re-computation,  taking  account  of  and  correcting 
the  many  imperfections  of  Lacaille's  instruments,  will  give  the 
most  valuable  data  for  the  determination  of  the  proper  motions  of 
many  of  the  southern  stars. 

This  paper  is  followed  by  a  report  on  a  "  Conference  on  Gravity 
Determinations,  held  at  Washington,  D.  C,  in  May,  1882,"  in 
which  Hilgard,  Herschell,  Peirce,  Newcomb,  Davidson  and  Schott 
participated.  The  present  state  of  the  science  was  discussed  and 
opinions  expressed  as  to  the  method  of  conducting  gravity  observa- 
tions and  the  sense  of  the  conference  was  formulated  in  distinct 
categorical  statements  and  conclusions  \i^ich  are  now  published. 

Finally,  the  Report  closes  with  a  tribute  to  the  memory  of  the 
late  Curlile  P.  Patterson,  LL.D.,  fourth  Superintendent  of  the 
Survey. 

2.  Annals  of  Mathematics,  prtre  and  applied ;  edited  b^ 
Ormond  Stonk,  Professor  of  Astronomy,  and  Wiluam  M. 
Thornton,  Professor  of  Engineering,  both  of  the  University  oi 
Virginia. — This  new  Journal  has  its  office  of  publication  at  the 
I'niversity  of  Virginia.  It  is  announced  as  "  the  successor  of  the 
Analyst,  which  has  been  edited  for  the  past  ten  years  by  Mr.  J.  E, 
Hendricks,  and  which  is  now  discontinued  by  him  on  account  of 
impaired  health." 

The  Annals  of  Mathematics  will  appear  every  other  month, 
ei>mmeucinfi^  with  February  1st,  in  a  small  quarto  form,  and  each 
number  will  contain  at  least  twenty-four  pages.  It  is  designed  to 
be  a  medium  of  communication  and  publication  for  teachers  and 
students  of  mathematics.  The  purpose  of  the  editors  will  be  to 
guide  and  encourage  the  study  of  mathematics,  pure  and  applied, 
in  all  its  branches ;  to  stimulate  independent  mathematical  inves- 
tiiration  by  offering  prompt  publication  of  its  results ;  to  report 
the  more  important  advances  m  mathematical  discovery ;  and,  to 
register  the  more  valuable  additions  to  mathematical  literature. 
The  subscription  price  is  two  dollars  per  annum.  The  Journal 
should  have  the  support  of  all  who  are  interested  in  the  advance 
of  mathematical  stuaies  and  in  methods  of  instruction. 

CWiDistrr  :  Inorgaoic  and  Orgsnic,  with  experiments,  br  Charies  Loudoi 
Bk>xam.  Prcm  the  fifth  and  revised  English  edition.  733  pp.  8to.  Philadel- 
phia. IS;^  \Uenry  0.  Leas*  Son  i  Co.)  This  weD  known  and  standard  work  hai 
ftow  passed  to  its  fifUi  edition. 

A  Manual  of  Ohemistrv.  Phvsical  and  Inorganic  bv  Henrv  Watte.  B.A.,  F.H.S. 
S95  PPL  ^^TO.  Philadelphia.  1S$4  <P.  Blakiston.  Sod  'k  Co.)'  A  new  work  by  tb« 
author  of  the  DiotionaiT  oi  Chefnistrr :  it  differs  ttom  moaC  recent  ^einentai^ 
works  in  that  it  giviM  so  much  ipace  to  PhjsioB. 


THE 


AMERICAN  JOURNAL  OF  SCIl^NCE 


[THIRD     SERIES.] 


■♦♦^ 


Art.  XIL — Examination  of  Mr,  Alfred  R,  Wallaces  Modifica- 
iion  of  Ae  Physical  Theory  of  Secular  Changes  of  Climate  ;   by 

Jamks  Croll,  LL.D.,  F.R.S.* 

On  the  publication  of  'Island  Life/  upwards  of  three  years 
ago,  the  author  kindly  favored  me  with  a  copy.  He  at  the 
lame  time  wrote  to  me  stating  that  the  volume  contained  some 
modifications  of  my  theory  of  secular  changes  of  climate,  to 
which  he  had  been  led  by  a  careful  consideration  of  the  sub- 
ject, and  that  he  would  be  glad  to  have  an  expression  of  my 
opinion  in  regard  to  his  results.  Deeply  interested  as  I,  of 
course,  felt  in  the  matter,  I  was  however  compelled,  owing  to 
the  state  of  my  health,  to  leave  the  volume  unread  till  within 
the  last  few  months.  This  fact  will  account  for  the  appear- 
ance of  the  following  remarks  at  this  somewhat  late  date. 

I  have  read  the  chapters  relating  to  Geological  Climate  with 
the  greatest  amount  of  interest  and  pleasure,  and  have  to  thank 
th^  author  for  his  very  clear  and  able  exposition  and  defence 
of  the  main  points  of  my  theory.  It  appears  to  me,  however, 
that  what  Mr.  Wallace  regards  as  modifications  are  in  some 
cases  really  necessary  parts  of  the  theory.  These  may  not,  it 
is  true,  have  been  in  all  cases  expressed  by  me,  but  they  are 
nevertheless  implied  in  the  theory.  Other  points,  again,  re- 
I  garded  as  modifications  are  simply  facts  lying  altogether  out- 
side of  the  theory,  which  can  in  no  way  aliect  it.     With  much 

*From  advanoe  sheets  of  the  Philosophical  Magazine  for  February,  1884. 
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that  Mr.  Wallace  has  advanced  in  explanation  of  geoloffici 
climate  I  fully  agree,  but  I  am,  nevertheless,  wholly  unable  t 
perceive  that  any  of  his  arguments  or  considerations  do  i 
reality  materially  aflfiect  the  theory  advocated  in  *  Climate  ani 
Time.'     This  I  hope  presently  to  show. 

Before  proceeding,  however,  to  examine  in  detail  Mr.  Wal 
lace's  moaifications  of  the  theory,  it  may  be  as  well  to  considei 
one  or  two  minor  points  on  which  I  differ  from  him,  as  this  wi! 
save  the  necessity  of  referring  to  them  when  we  come  to  dis 
cuss  his  main  argument. 

Effect  of  Winter  iSolstice  in  Aphelion, — At  page  126  ('Islanc 
Life')  he  says  : — *'  We  may  therefore  say  generally,  that  duriag 
our  northern  winter,  at  the  time  of  the  Glacial  epoch,  the  north 
ern  hemisphere  was  receiving  so  much  less  heat  from  the  sut 
as  to  lower  its  surface-temperature  on  an  average  about  36**  F. 
while  during  the  height  of  summer  of  the  same  period  itwoolc 
be  receiving  so  much  more  heat  as  would  suffice  to  raise  iti 
mean  temperature  about  60°  F.  above  what  it  is  now."  In  i 
foot-note  he  adds  that  **  the  reason  of  the  increase  of  summei 
heat  being  60°  while  the  decrease  of  winter  cold  is  only  35°,  k 
because  our  summer  is  now  below  and  our  winter  <d)ove  the 
average." 

There  is  surely  a  confusion  of  ideas  here..  It  is  of  course 
true  that,  as  our  summer  at  present  occurs  in  aphelion  and  our 
winter  in  perihelion,  the  temperature  of  the  former  is  beW 
and  that  of  the  latter  above  the  average ;  but  this  can  afford 
no  grounds  for  the  result  Mr.  Wallace  attributes  to  it  anleasit 
be  assumed  (for  which  there  are  no  astronomical  grounds)  tbifc 
our  summer  is  2b^  further  below  the  average  than  our  winter  is' 
above  it. 

On  the  Storage  of  Cold. — In  a  section  on  the  Effects  of  Snoir 
on  Climate,  Mr.  Wallace  points  out  the  different  effects  pro- 
duced by  water  failing  as  a  liquid  in  the  form  of  rain  and  as  a 
solid  in  the  form  of  snow.  The  rain,  however  much  of  it  may 
fall,  runs  off  rapidly,  he  states,  without  producing  any  pemuii* 
nent  effect  on  temperature.  But  if  snow  falls,  it  lies  where  it 
fell,  and  becomes  compacted  into  a  mass  which  keeps  the  earth 
below  and  the  air  above,  at  or  near  the  freezing- pom t  When 
the  snow  becomes  perpetual,  as  on  the  summits  of  high  moan- 
tains,  permanent  cold  is  the  result;  and  however  strong  the 
sun's  rays  may  be,  the  temperature  of  both  the  air  and  the 
earth  cannot  possibly  rise  much  above  the  freezing-point 
"  This,"  he  says,  "  is  illustrated  by  the  often-quoted  fact  that  . 
at  80°  N.  lat.  Captain  Scoresby  had  the  pitch  melted  on  tkt : 
one  side  of  his  ship  by  the  heat  of  the  sun,  while  water  inft-j 
freezing  on  the  other  side  owing  to  the  coldness  of  the  air."  * 
Doubtless  this  is  perfectly  correct ;  but  on  page  602  he 
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that  he  has  pointed  oat  with  more  precision  than  has,  he  be- 
lieves, hitherto  been  done,  the  different  effects  on  climate  of 
water  io  the  liquid  and  solid  states.  This  is  a  somewhat 
doubtful  stateiAent;  for  in  chapter  iv,  'Climate  and  Time,'  in 
PbiL  Mag.,  March,  1870,  and  in  other  places  will,  I  think,  be 
found  all  that. this  section  contains.  In  fact  the  influence  of 
fiDow  and  ice  as  a  permanent  source  of  cold  is  one  of  the  main 
&ctor8  of  my  theory.  The  three  great  factors  are  (1)  the  influ- 
ence of  snow  and  ice,  (2)  the  influence  of  aqueous  vapor,  and 
(3)  the  influence  of  ocean-currents.  How  persistently  has  it 
been  urged  as  an  objection  to  my  theory  that,  during  the  Glacial 
epoch,  the  great  heat  of  the  perihelion  summer  would  more 
than  counterbalance  the  effect  of  the  aphelion  winter.  But  I 
have  maintained  that,  the  summers,  notwithstanding  the  inten- 
sitj  of  the  sun's  rays,  instead  of  being  warmer  than  at  present, 
would  in  reality  be  far  colder;  for  this  reason,  that  the  temper- 
ature of  a  snow-and-ice  covered  country  can  never  rise  much 
above  the  freezing-point  As  an  example  of  this  I  pointed  out 
that,  *wefe  it  not  for  ice,  the  summers  of  North  Greenland 
would  be  as  warm  as  those  of  England  (whereas  in  point  of 
fact  they  are  colder  than  our  winters) ;  and  that  were  India 
covered  with  an  ice-sheet,  its  summers  would  be  colder  than 
those  of  England.' 

"Another  point,"  he  says,  "of  great  importance  in  connex- 
ion with  this  subject  is  the  fact,  that  this  permanent  storingup 
of  cold  depends  entirely  on  the  annual  amount  of  snowfall  in 
proportion  to  that  of  the  sun-  and  air-heat,  and  not  on  the 
actual  cold  of  winter,  or  even  on  the  average  cold  of  the  year.*' 
This,  I  have  shown  (American  Journal  of  Science,  Oct,  1883 ; 
PhiL  Mag.,  Oct,  1883)  at  considerable  length,  is  one  of  the 
most  widespread  and  fundamental  errors  within  the  whole 
range  of  geological  climatology.  Perpetual  snow,  instead  of 
being  due  "entirely"  to  the  annual  amount  of  snowfall  in  pro- 
\  portion  to  the  quantity  of  heat  received  by  the  snow,  is  in 
most  cases  not  even  mainly  due  to  this  cause.  Overlooking 
the  fact,  that  in  the  conservation  of  snow  the  temperature  of 
the  snow  is  one  of  the  main  factors,  has  been  a  fruitful  source 
of  error. 

High  Land  and  Heavy  Snowfall  in  relation  to  the  Olacial 
Epoch, — According  to  Mr.  Wallace,  "  high  land  and  great 
moisture"  are  essential  to  the  initiation  of  a  glacial  epoch. 
Undoubtedly  high  land  and  great  moisture  are  the  most  favor- 
able conditions  for  bringing  about  a  glacial  state  of  things; 
but  I  can  hardly  agree  with  him  that  they  are  necessary  and 
indispensable. 

As  lo  the  second  of  these  conditions,  great  moisture  is  evi- 
dently necessary  only  in  order  to  produce  a  great  snowfall ;  a 
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great  snowfall  is  necessary  only  in  order  that  the  snow  m 
become  permanent;  and  the  permanent  snow  in  turn  is  nee 
sary  only  in  order  to  have  permanent  glaciation.  But  it  1 
already  been  shown*  that  we  frequently  have  permanent  sn< 
with  a  very  light  snowfall,  even  where  the  direct  heat  of  t 
sun  is  excessive,  as  on  the  summits  of  lofty  mountains.  Gre< 
land,  for  example,  has  but  a  very  small  snowfall,  and  yet  t 
snow  and  ice  are  perpetual.  What  is  necessary  is,  that  1 
small  amount  which  falls  should  not  all  melt.  If  this  be  t 
case,  the  ice  will  accumulate  year  by  year,  and  a  glacial  con 
tion  will  ultimately  result. 

Suppose  that  the  annual  precipitation  of  snow  on  a  con  tint 
is  equivalent  to  only  10  inches  of  ice,  and  that  at  the  end 
each  summer^one  inch  remains  unmelted,  then,  in  this  case,  t 
ice  will  continue  to  accumulate  year  by  year  untif  the  quant 
annually  discharged  by  the  outward  motion  from  the  center 
dispersion  eQ[uals  that  annually  formed.  But  in  the  case  oi 
continent  this  condition  can  be  attained  only  when  the  sh( 
at  the  center  becomes  of  enormous  thickness.  Whether  hi 
land  be  necessary  to  a  glacial  epoch  or  not,  it  is  evident  tba 
heavy  snowfall  is  not  an  indispensable  condition. 

As  to  the  second  of  these  conditions,  namely,  high  land, 
must  be  borne  in  mind  that  the  question  is  not,  Could  1 
causes  which  are  now  in  operation  bring  about  a  glacial  con 
tion  of  things  without  high  land  ?  but.  Could  those  physi( 
agencies  brought  into  operation  during  a  high  state  of  ecc< 
tricity  produce  a  glacial  state  of  things  without  high  lan( 
Mr.  Wallace's  answer  is  that  they  could  not  But  I  am  e 
satisfied  with  the  grounds  on  which  he  bases  this  opinion, 
necessary  condition  to  a  glacial  epoch  is,  of  course,  the  exii 
ence  of  perpetual  snow ;  for  without  perpetual  snow  the 
could  be  no  permanent  land-ice.  The  question  then  is,  Cou 
not  those  physical  agencies  brought  into  operation  during 
high  state  of  eccentricity  cover  lowlands  with  perpetual  sno 
without  the  aid  of  high  lands?  Mr.  Wallace  replies,  "Pe 
petual  snow  nowhere  exists  on  low  lands."  Supposing  th 
were  true  (I  have  endeavored  to  show  it  is  not),t  still  it  do 
not  follow  that  perpetual  snow  may  not  have  existed  on  \o\ 
lands,  or  that,  when  the  present  condition  of  things  changes, 
may  not  yet  exist.  It  is  not  difficult  to  conceive  how,  und 
certain  conditions,  the  snow-line  may  in  some  places  have  bee 
brought  to  the  sea-level.  In  arctic,  or  even  in  subarctic  r 
gions,  an  excessively  heavy  snowfall,  followed  by  piercing 
cold  winds  from  the  north,  during  the  whole  of  the  summ 

♦  AmericaD  Journal  of  Scienc?e,  October.  1 883 ;  Philosophical  Magazine,  Octob 
1883.  • 

f  Philosophical  Magazine,  Noyember,  1883. 
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months,  would  keep  the  snow  at  a  low  temperature  and  cer- 
tainly  prevent  it  from  disappearing.  Keep  the  surface  of  the 
8D0W  at  or  below  the  freezing-point,  and  melting  will  not  take 
place,  no  matter  how  intense  the  sun's  rays  may  be.  A  strong 
wind  below  the  freezing- point  will  cool  tne  surface  of  the  snow 
more  rapidly  than  the  sun  can  manage  to  heat  it.  Another 
cjiuse  which  would  tend  to  keep  the  snow  at  a  low  tempera- 
ture would  be  that,  along  with  a  cold  northerly  wind,  there  is 
usually  a  great  diminution  of  aqueous  vapor,  thus  allowing  the 
surface  of  the  snow  \p  radiate  its  heat  more  freely  into  stellar 
space.  For  were  it  not  for  the  aqueous  vapor  in  the  atmos- 
pnere,  the  snow-line,  even  at  the  equator,  would  descend  to 
the  sea-level.* 

Perhaps  it  is  owing  to  the  warm  southerly  winds  of  the  two 
midsummer  months  that  Siberia,  even  with  its  inconsiderable 
snowfall,  is  not  at   the  present  day  covered  with   permanent 
snow  and  ice.     Mr.  Wallace  mentions  that  "  in  Siberia,  within 
and  near  the  Arctic  circle,  about  six  feet  of  snow  covers  the 
coQDtry  all  the  winter  and  spring,  and  is  not  sensibly  dimin- 
ished by  the  powerful  sun  so  long  as  northerly  winds  keep  the 
air  below  the  freezing-point,  and  occasional  snow  storms  occur. 
But  early  in  June  the  wind  usually  changes  to  southerly,  and 
under  its  influence  the  snow  all  disappears  in  a  few  days." 
But  what  would    be   the   consequence  were   these   northerly 
winds  to  continue  during  the  whole  of  June   and  July?     It 
would  probably  be  that  the  snow  of  autumn  would  begin  to 
fall  before  that  of  spring   had  disapppeared.     Were  this   to 
result,  the  country  would  soon  become  covered  with  perma- 
nent ice.     Matters    would    be   still    worse   if  these  southerly 
winds,  instead  of  ceasing,  were  simply  to  change  from  June 
and  July  to  December  and  January,  for  then,  in  place  of  pro- 
ducing a  nielting  effect,  they  would  greatly  add  to  the  snow- 
fall. 

Such  a  condition  of  things  may  never  have  obtained  on  the 
plains  of  Siberia  ;  but  I  have  shown  in  my  paper  on  the  Ice  of 
Greenland  and  the  Antarctic  regionsf  that  there  arc  certainly 
good  grounds  for  concluding  that  during  the  Glacial  epoch,  and 
even  at  a  date  more  recent,  permanent  ice  must  have  begun  to 
accumulate  on  lowlands,  which  could  not  have  been  the  case 
had  not  the  ground  been  previously  covered  with  perpetual 
snow. 

TAf  only  Continental  Ice  on  the  Globe  prohuhly  on  Lowlands. — 
The  only  two  continents  on  the  globe  covered  by  permanent 
ice  and  snow  are  Greenland  and  the  Antarctic.  But  are  these 
continents  to  be  regarded  as  high  lands  or  as  low  lands?     Mr. 

•See  American  Journal  of  Science  for  October,  1883;  Philosophical  Magazine 
lorCJctober,  1883. 
t  Phil.  Mag.  for  November,  1883. 
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Wallace  maintains  that  they  are  high  lands.  "  It  is,"  he  says,. 
*^only  where  there  are  lofty  mountains  or  elevated  plateaas,  as 
in  Greenland,  etc.,  that  glaciers  accompanied  by  perpetual 
snow  cover  the  country.  The  north  polar  area  is  iree  from 
any  accumulation  of  permanent  ice,  excepting  the  high  lands 
of  Greenland  and  Grinnel  Land."  And  in  regard  to  the  Ant- 
arctic continent,  he  says,  "The  much  greater  quantity  of  ice  at 
the  south  pole  is  undoubtedly  due  to  the  presence  of  a  large 
extent  of  high  land."  Were  it  not  for  these  extensive  high 
lands  and  lofty  mountains,  Greenland  and  the  Antarctic 
regions,  according  to  Mr.  Wallace^s  theory,  would  be  free  from 
permanent  snow  and  ice.  He,  however,  nowhere,  so  far  as  I 
can  find,  offers  any  proof  for  the  conclusion  that  those  regions 
possess  extensive  highlands,  elevated  plateaus,  and  lofty  moun- 
tains sufficient  to  account  for  these  icy  mantlea  In  the  paper 
just  referred  to  (Phil.  Mag.,  November,  1883),  I  have  discussed^ 
this  subject  at  considerable  length,  and  have  arrived  at  conclu- 
sions diametrically  the  opposite  of  those  advocated  by  Mr. 
Wallace,  viz:  that  Greenland  and  likely  the  greater  part  of 
the  Antarctic  regions  consist  of  land  probably  not  nriuch  above 
sea-level,  and  that  the  mass  of  ice  under  which  thev  are  buried 
must.be  due  to  some  other  cause  than  elevation  of  the  land. 

Mr,  Wallaces  Modification  of  the  Theory  Examined.  —  Mr* 
Wallace's  chief,  and,  I  may  say,  only  real  modification  of  my 
theory  is  this.     I  give  it  in  his  own  words: 

"The  alternate  phases  of  precession — eausins;  the  winter  of 
each  hemisphere  to  be  in  aphelion  and  perihelion  each  10,500 
years — would  produce  a  complete  change  of  climate  only  where  a 
country  was  partially  snow-clad ;  while,  whenever  a  large  area 
became  almost  wholly  buried  in  snow  and  ice,  as  was  certainly  the 
case  with  Northern  Europe  during  the  Glacial  epoch,  then  the 
glacial  conditions  would  be  continued,  and  perhaps  even  intensi- 
fied, when  the  sun  approached  nearest  to  the  earth  in  winter,  in- 
stead of  their  being  at  the  time,  as  Mr.  Croll  maintains,  an  almost 
perpetual  spring." — p.  603. 

'*  When  geographical  conditions  and  eccentricity  combine  to- 

E reduce  a  severe  glacial  epoch,  the  changing  phases  of  precessioii 
ave  very  little,  if  an)%  effect  on  the  character  of  the  climate,  as 
mild  or  glacial,  though  it  may  modify  the  seiisoiis;  but  when  the 
eccentricity  becomes  moderate  and  the  resulting  climate  less  • 
severe,  then  the  changing  phases  of  precession  bring  about  a  con- 
siderable alteration  and  even  a  partial  reversal  of  the  climate." — 
p.  153. 

Again :  "  It  follows  that  towards  the  equatorial  limits  of  a  glaci- 
ated country  alternations  of  climate  may  occur  during  a  period  of 
high  eccentricity,  while  near  the  pole,  where  the  whole  country  is 
completely  ice-clad,  no  amelioration  may  take  place.  Exactly  the 
same  thing  will  occur  inversely  with  mild  Arctic  climates." — p.  154^ 
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I  have,  on  the  contrary,  maintained  that  the  more  severe  the 
glacial  condition  of  the  one  hemisphere,  the  warmer  and  the 
more  equable  would  necessarily  be  that  of  the  other;  for  the 
Tery  same  combination  of  causes  which  would  tend  to  cool  the 
006  hemisphere  would  necessarily  tend  to  warm  the  other. 
The  process  to  a  large  extent  cofisists  of  a  transference  of  heat 
irom  one  hemisphere  to  the  other.  Consequently  the  one 
hemisphere  could  not  be  heated  without  the  other  being  cooled, 
or  the  one  cooled  without  the  other  being  heated.  The  hotter 
the  one,  the  colder  the  other,  and  the  colder  the  one,  the  hotter 
the  other.  It  therefore  follows  that  the  more  severe  the  glacial 
conditions,  the  warmer  and  more  equable  must  be  the  inter- 
glacial  warm  periods.  But,  according  to  Mr.  Wallace,  there 
could  be  no  warm  interglacial  periods,  either  in  temperate  or 
polar  regions,  except  during  the  cx)mmencement  and  toward 
the  cloee  of  the  Glacial  epoch. 

Before,  however,  proceeding  to  examine  in  detail  the  steps 
by  which  he  arrives  at  this  modification  of  my  theory,  it  will 
be  as  well  that  the  reader  should  have  a  clear  and  distinct 
knowledge  of  what  that  theory  really  is,  and  what  it  professes 
to  explain.  These  I  shall  now  briefly  state  in  the  most  general 
terms,  for  misapprehension  in  regard  to  the  main  features  of  the 
theory  lie  at  the  root  of  most  of  the  objections  which  have  been 
urged  against  it 

Oeneral  Statement  of  the  Theory. — 1st  It  is  not  professed  that 
the  theory  will  account  for  the  condition  of  climate  during 
all  past  geological  ages.  It  treats  mainly  of  the  cause  of 
glacial  epochs;  and  one  of  its  essential  elements  is  that  these 
epochs  consist  of  alternate  changes,  to  a  greater  or  less  extent, 
of  cold  and  warm  periods :  or,  in  other  words,  that  glacial 
epochs  must  consist  of  alternate  glacial  and  interglacial  periods. 
The  chief,  though  not  the  sole,  aim  of  the  theory  is  to  account 
for  geological  climate  in  so  far  as  such  epochs  are  concerned. 
Although  it  could  be  satisfactorily  shown,  for  example,  and 
this  has  certainly  not  yet  been  done,  that  during  some  past 
geological  age,  such  as  the  Miocene,  the  Eocene,  or  the  Creta- 
ceous, the  climate  was  throughout  uniformly  warm  or  sub- 
tropical, this  would  not  prove  that  the  theory  was  wrong, 
unless  it  could  at  the  same  time  be  shown  that  the  necessary 
conditions  demanded  by  the  theory  did  then  exist  But  in- 
stead of  this  supposed  condition  of  climate  during  Secondary 
aod  Tertiary  periods  being  inconsistent  with  my  theory,  the 
fact  is,  as  we  shall  see  by  and  by,  that  this  theory  aflfords  the 
only  rational  explanation  of  such  a  state  of  things  which  has 
vet  been  given. 

2d.  The  theory  is  not  that  a  high  state  of  eccentricity  will 
necessarily  produce  a  glacial  epoch.     No  misapprehension  has 
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been  more  widespread  or  more  difficult  to  remove  than  thk 
From  the  very  commencement  I  have  maintained  that  no 
amount  of  eccentricity,  however  great,  could  produce  a  glacial 
condition  of  things;  that  the  Glacial  epoch  was  the  result,  not 
of  a  high  state  of  eccentricity,  but  of  a  combination  of  physical 
agencies,  brought  into  operation  by  means  of  this  high  state.* 
As  an  example  of  this  misapprehension,  how  frequently  has 
the  present  condition  of  the  planet  Mars  been  adduced  as 
evidence  against  the  theory.  Tiie  eccentricity  of  Mars'  orbit  k 
at  present  greater  than  that  of  the  Earth's  even  when  at  its 
superior  limit;  and  its  southern  winter  solstice  is  not  far  re- 
moved from  aphelion.  It  is  therefore  maintained  that,  if  my 
theory  of  the  cause  of  the  Glacial  epoch  be  correct,  the  southern 
hemisphere  of  Mars  ought  to  be  under  a  glacial  condition,  and 
the  northern  enjoying  a  perpetual  spring — and  this,  as  is  well 
known,  is  not  the  case.  Here  it  is  assumed  that,  according  to 
the  theory,  eccentricity  alone  ought  to  produce  a  glacial  epoch, 
irrespective  of  the  necessary  physical  conditions.  We  know 
with  certainty  that  those  physical  conditions  which,  according 
to  the  theory,  were  the  direct  cause  of  the  Glacial  epoch  on  oui 
globe,  cannot  possibly  exist  on  the  planet  Mars.f  Just  take 
one  example ;  either  the  properties  of  water  on  the  planet  Mars 
or  the  conditions  of  its  atmosphere  must  be  totally  different 
from  those  of  our  earth  ;  for  were  our  earth  removed  to  Mars's 
distance  from  the  sun,  our  seas  would  soon  become  solid  ice 
and  we  could  have  neither  snow  nor  rain,  ocean-currents,  nor 
any  of  the  necessary  conditions  for  secular  change  of  climate. 
This  ivM  doubtless  not  the  present  state  of  Mars;  but  the  reaaon 
of  this  can  only  be  that  the  physical  and  meteorological  con- 
ditions of  the  planet  must  be  wholly  different  from  those  cl 
the  earth. 

When  we  reflect  that  a  very  slight  change  in  the  properties 
of  aaueous  vapor,  or  in  the  condition  of  our  atmosphere, 
woulu  effectually  prevent  the  possibility  of  a  glacial  epoch 
(xx'.urring  on  our  earth,  notwithstanding  a  high  state  of  eccen- 
tricity, we  need  not  wonder  that  the  planet  Mars  is  not  in  a 
state'of  glaciation.  But  the  eccentricity  of  Mars,  though  high, 
is  still  far  iroiw  its  suj>erior  limit,  and  the  planet  may  yet,  for 
anything  which  we  know  to  the  contrary,  pass  through  a 
Glacial  ef>ooh. 

8d.  Another  prevailing  misapprehension  is  the  supposition 
that  the  tluvrv  diK^s  not  recognize  the  necessity  for  geograph- 
ical conditions.  In  reading  **  Island  Life''  one  might  be  apt  to 
suppose  that  one  of  the  chief  points  of  difference  oetween  Mr. 
Wallace  and  invsolf  is  that  lie  ivsranls  orei^^raphical  distributioQ 

•  For  \\\i»  ix^ijii^n  1  prt^for  to  tonn  tho  thev^ry  the  Physical  Theorj  rather  tiuB 
the  Ktwntrioity  T!>ivry.  as  it  has  Uvn  oallni  "^'v  s*.^me  writere. 
t  Sm>  •OUm.-ito  ami  tiuio."  p  7i>. 
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of  flea  and  land  as  an  important  factor  in  a  theory  of  geological 
dimate,  whereas  I  entirely  ignore  this  condition.  Nothing 
could  be  further  from  the  truth  than  such  a  supposition.  I 
can  boldly  affirm  that  the  necessity  for  geographical  conditions 
is  as  truly  a  part  of  ray  theory  as  of  Mr.  Wallace's  modification 
thereof. 

One  of  the  most  important  agencies,  according  to  my  view, 
is  the  enormous  amount  of  heat  conveyed  from  equatorial  to 
temperate  and  polar  regions  by  means  of  ocean-currents,  and 
the  deflection  of  this  heat,  during  a  high  state  of  eccentricity, 
from  the  one  hemisphere  to  the  other.  But  all  this  depends 
on  ocean-currents  flowing  from  equatorial  to  polar  regions; 
and  the  existence  of  these  currents  in  turn  depends,  to  a  large 
extent,  on  the  contour  of  the  continents  and  the  particular 
distribution  of  sea  and  land.  Take,  as  one  example,  the  Gulf- 
stream,  a  current  which  played  so  important  a  part  in  the 
phenomena  of  the  Glacial  epoch.  A  very  slight  change  in 
geographical  conditions,  such  as  the  opening  of  communica- 
tion between  the  Gulf  of  Mexico  and  the  Pacific,  would  have 
greatly, diminished,  if  not  entirely  destroyed,  that  stream.  Or, 
as  I  showed  on  a  former  occasion,  a  change  in  the  form  or 
contour  of  the  northeast  corner  of  the  South  American  con- 
tinent would  have  deflected  the  great  equatorial  current,  the 
feeder  of  the  Gulf  Stream,  into  the  Southern  Ocean  and  away 
from  the  Carribean  Sea.  One  of  the  main  causes  of  the  ex- 
treme condition  of  things  in  Northwestern  Europe,  as  well  as 

\  in  eastern  parts  of  America,  during  the  Glacial  epoch,  was  a 
large  withdrawal  of  the  warm  waters  of  the  Gulf  Stream  ;  and 
this  was  to  a  great  extent  due,  as  I  stated  in  my  very  first 
paper  on  this  subject,*  to  the  position  of  Cape  St.  Roque, 
which  deflected  the  equatorial  current  into  the  Southern  Ocean. 
That  a  geographical  distribution  of  land  and  water  permitting 

\     of  the  existence  and  deflection  of  those  heat-bearing  currents  is 

\    one  of  the  main  factors  in  my  theory  is  what  must  be  obvious 

\     to  every  reader  of  *  Climate  and  Time.' 

The  difference  between  Mr.  Wallace  and  myself  is  this: — 
I  maintain  that  with  the  present  distribution  of  land  and 
water,  without  calling  in  the  aid  of  any  other  geos^raphical 
conditions  than  now  obtain,  those  physical  agencies  detailed  in 
'Climate  and  Time*  are  perfectly  sufficient  to  account  for  all 
the  phenomena  of  the  Glacial  epoch,  including  those  intercalated 
warm  periods,  during  which  Greenland  would  probably  be  free 
from  ice  and  the  Arctic  regions  enjoying  a  mild  climate  ;  while 
Mr.  Wallace,  on  the  other  hand,  maintains  that  without  assum- 
ing some  change  in  the  geographical  conditions  of  our  globe 
those  physical  agencies  will  not  account  for  that  state  of  things, 

*  Phil.  Mag.  for  August,  1864. 
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at  least  in  so  far  as  the  disappearance  of  the  ice  in  Arctic 
regions  is  concerned. 

To  narrow  the  field  of  inquiry,  and  bring  more  prominently 
before  the  mind  the  real  question  at  issue,  I  shall  state  the 
main  points  on  which  Mr.  Wallace  and  I  appear  to  agree. 

Points  of  agreement — 1.  Mr.  Wallace  agrees  with  me  that  a 
high  state  of  eccentricity  could  never  directly  produce  a  glacial 
condition  of  climate  ;  that  the  Glacial  epoch  was  the  result,  not 
of  a  high  state  of  eccentricity,  but  of  a  combination  of  physical 
agencies  brought  into  operation  by  means  of  this  high  state. 

2.  He  agrees  with  me  also  in  regard  to  what  these  physical 
agencies  really  were ;  for  the  agencies  to  which  he  refers  in  hia 
*  Island  Life '  are  almost  identically  those  which  I  have  ad- 
vanced in  *  Climate  and  Time'  and  elsewhere. 

3.  Mr.  Wallace  agrees  with  me  in  regard  to  the  mutual 
reactions  of  the  physical  agents.  He  maintains  with  me  that 
these  physical  agencies  not  only  all  lead  to  one  result — the 
accumulation  of  snow  and  ice,  but  that  their  efficiency  in  bring- 
ing about  this  result  is  strengthened  by  their  interaction.  At 
pp.  137-139  he  gives  a  variety  of  examples  of  these  inter- 
actions, and  says  that  they  ^^  produce  a  maximum  of  effect 
which,  without  their  aid,  would  be  altogether  unattainable." 

4.  As  has  already  been  shown,  we  agree  as  to  the  ne* 
cessity  of  certain  geographical  conditions  for  the  prodactioQ 
of  the  Glacial  epoch.  For  although  that  epoch  was  mainly 
brought  about  by  the  physical  agencies,  yet  these  agencies 
could  not  have  produced  the  required  effect  unless  the  neces- 
sary  geographical  conditions  had  been  supplied,  these  being 
necessary  for  their  effective  operation 

5.  Mr.  Wallace  admits,  or  course,  that  the  necessary  glBo- 
graphical  conditions  existed  during  the  Glacial  epoch;  for, 
unless  this  had  been  the  case,  no  glacial  epoch  could  have  oc- 
curred. Therefore  all  that  was  required  to  produce  glaciation 
was  an  amount  of  eccentricity  sufficient  to  set  the  physical 
agencies  into  operation.  Be  it  observed,  it  did  not  require,  in 
addition  to  the  physical  agencies,  some  changes  in  the  geograph- 
ical conditions,  or  some  new  conditions;  for  the  geographical 
conditions  being  existent,  all  that  was  then  required  to  brinff 
about  the  Glacial  epoch  was  the  operation  of  the  physical 
agencies.  The  overlooking  of  this  fact  has  led  to  much  con- 
fusion. For  example,  210,000  years  ago,  with  winter  in 
aphelion,  "the  problem  to  be  solved/'  says  Mr.  Wallace,  "is, 
whether  the  snow  that  fell  in  winter  would  accumulate  to  such 
an  extent  that  it  would  not  be  melted  in  summer,  and  so  go  on 
increasing  year  by  year  till  it  covered  the  whole  of  Scotland, 
Ireland  ana  Wales,  and  much  of  England.  Dr.  Croll  and  Dr. 
Geikie  answer  without  hesitation  that  it  would.     Sir  Cbarlea 
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Ljell  maintained  that  it  would  only  do  so  when  geographical 
eonditions  were  favorable  "  (p.  186).  Here  we  have  a  complete 
misapprehension  of  the  relation  between  Sir  Charles  Lyell's 
views  and  mine;  for  I  would  certainly  maintain  (and,  1  pre- 
sume. Dr.  Gteikie  also)  as  emphatically  as  Sir  Charles  could  do, 
"that  it  would  only  do  so  when  geographical  conditions  were 
favorable.''  For  undoubtedly,  according  to  the  theory  advo- 
cated in  'Climate  and  Time,'  no  glacial  epoch  could  result 
without  geographical  conditions  suitable  for  the  operation  of 
tbe  physical  agencies;  and  this  is  virtually  what  Sir  Charles 
maintains.  The  Glacial  epoch  resulted  during  the  last  period 
of  high  eccentricity  because  the  geographical  conditions  suit- 
able for  the  effective  operation  of  the  physical  causes  then 
existed. 

&  It  is  assumed  in   'Climate  and  Time'  that,  the  general 
distribution  of  sea  and  land,  and  other  geographical,  conditions,^ 
with  the  exception  of  those  resulting  from  oscillations  of  sea- 
level,  afterwards  to  be  considered,  were  the  same  during  the 
Glacial  epoch  as  they  are  at  present*    Consequently,  in  ac- 
ooQDting  for  the  Glacial  epoch  I  had  only  to  consider  the  effects 
resulting  from  those  phvsical  agencies  called  into  operation  by 
an  increase  of  eccentricity.     To  have  speculated  on  hypotheti- 
cal conditions  different  from  those  which  now  obtain,  and  on 
the  influence  which  these  may  have  had  in  bringing  about  the 
Glacial  epoch,  would  have  been  on  my  part  perfectly  absurd,. 
as  I  knew  we  had  no  evidence  of  the  existence  of  any  such 
conditions.     Besides,  my  aim  was  to  account  for  that  epoch 
from  known  and  established  facts  and  principles  without  the 
introduction  of  hypothetical  causes.     I  fear  that  the  fact  of  my 
making  little  or  no  allusion  to  geographical  conditions  in  my 
trplanations  may    have   unfortunately   led   Mr.    Wallace  and 
others  to  conclude  that  I  altogether  ignore,  or,  at  least,  under- 
yaloe  their  importance,  which  is  certainly  not  the  case. 

Although  Mr.  Wallace  so  frequently  alludes  to  the  impor- 
tance of  geographical  conditions,  I  am  not  sure  if  he  believes 
that  during  the  Glacial  epoch  those  conditions  differed  mate- 
rially from  what  they  are  at  present,  or  that  glaciation  could 
have  been  greatly  influenced  by  any  difference  which  did  exist 

7.  Mr.  Wallace  alludes  to  one  or  two  geographical  condi- 
tions which,  t/they  had  existed  during  the  Glacial  epoch,  would 
have  greatly  aided  glaciation.      As,  for  example,   if  a  land- 

*  Professor  J.  Geikir*.  however,  believes  that  diirinj^  early  Post-glacial  times 
»  coogiderable  ehaujre  in  the  pliysical  goo^rupliy  of  the  North  seas  took  place 
(flee  •prehistoric  Europe.'  chap.  xxii).  In  order  to  account  for  the  Moras  of 
Greenland.  Iceland  and  the  Farr)e  Islands,  he  thinks  a  laud  connexion  must,  have 
existed  l>etween  these  places  and  Scandinavia.  For  reasons  to  l>e  stated  on  a 
btore  occasion,  I  am  \n)able  to  apriee  with  this  conclusion.  Professor  Geikie. 
iowever.  does  not  believe  that  the  climatic  condition  of  that  period  was  in  any 
ray  due  to  this  change. 
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barrier  had  extended  from  the  British  Isles,  across  the  Faroe 
Islands  and  Iceland  to  Greenland,  cutting  oflF  from  Northem 
Europe  the  warm  waters  of  the  Atlantic,  including  the  Gulf 
Stream.  "  The  result,"  he  says,  "  would  almost  certainly  be 
that  snow  would  accumulate  on  the  high  mountains  of  Scandi 
navia  till  they  became  glaciated  to  as  great  an  extent  as  Greea* 
land." 

It  would  be  easy  to  multiply  cases  of  this  kind  where  a  dis 
tribution  of  land  and  water  different  from  the  present  miffhl 
have  been  more  favorable  to  glaciation  than  the  present ;  bul 
the  question  is,  Did  any  such  difference  favoring  glaciatioi 
actually  exist  during  the  Glacial  epoch  ?  I  have  never  beer 
able  tD  find  any  evidence  that  it  did.  Many  a  change  in  geo 
graphical  conditions  has  taken  place  during  Tertiary  times 
some  of  which  were  doubtless  favorable  to  glaciation ;  but  hav< 
we  any  evidence  that  during  the  Glacial  epoch  the  geographica 
conditions  were  more  favorable  than  tney  are  at  present* 
Unless  this  can  be  shown  to  be  the  case,  there  is  no  necessity 
for  referring  to  a  difference  in  geographical  conditions  during 
that  epoch  as  a  cause  of  glaciation.  This  being  so,  it  does  noi 
follow,  because  in  my  explanation  of  the  cause  of  the  Glacia 
epoch  I  may  not,  like  Sir  Charles  Lyell  and  others,  have  spec 
ulated  on  the  effects  which  might  have  resulted  had  the  dis 
tribution  of  land  and  water  been  different  from  what  it  is  now, 
that  I  ought  on  this  account  to  be  charged  with  undervaluing 
the  importance  of  geographical  conditions, 

Mr.  Wallace  refers  to  one  case  of  a  difference  in  geographi- 
cal conditions  which  he  thinks  might  have  aided  glaciation. 
Professor  Dana  has  expressed  the  opinion  that,  during  the 
height  of  the  Glacial  epoch.  Northeastern  America  was  cod« 
siderably  elevated,  bringing  the  wide  area  of  the  banks  of 
Newfoundland  far  above  water.  This,  Mr.  Wallace  thinks, 
would  reduce  the  southward-flowing  Arctic  currents,  causing 
the  icebergs  to  hang  about  the  American  shores,  chilling  the 
air  so  as  to  produce  constant  fogs  and  clouds  with  almost  per- 
petual snow-showers,  even  at  midsummer.  But  Professor  Dana 
has  also  shown  that  during  the  Glacial  epoch  Northeastern 
America  was  depressed  as  well  as  elevated.  Now  the  point  is: 
whether  the  elevation  was  contemporaneous  with  the  cold,  oi 
with  the  warm  periods  of  the  Glacial  epoch  ?  Mr.  Wallace 
himself  admits  that  depression,  not  elevation,  of  the  lane 
accom|)anied  the  increased  cold;  and  he  quotes  Mr.  Searles  V 
Woo(j,  Jun.,  approvingly  as  holding  the  same  opinion  (p.  115" 
It  was  quite  natural  for  Professor  Dana  to  suppose  that  the  elc 
vation  to  which  he  refers  occurred  at  the  time  the  country  wc 
buried  under  ice;  for  when  he  wrote  he  believed  the  Glacia 
epoch  was  chiefly  due  to  elevation  of  the  land  caused   by  tl: 
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literal  pressore  resolting  from  the  shrinking  of  the  earth's  crust. 
It  is  now,  however,  pretty  well  established  that  the  continental 
or  elevated  periods  of  the  Glacial  epoch,  when  our  island  was  * 
united  to  the  mainland,  were  warm  periods;  for  it  was  then 
that  this  country  was  invaded  by  tropical  and  subtropical 
mammals.  Had  the  climate  at  that  time  been  cold,  and  the 
country  even  partially  covered  with  snow  and  ice,  these  animals 
would  not  have  made  their  appearance.  It  is  therefore  prob- 
able that  the  elevation  to  which  Professor  Dana  refers  may 
have  taken  place  during  some  of  those  warm  periods.*  But  be 
this  as  it  may,  even  were  it  proved  that  during  the  Glacial 
epoch  geographical  conditions  were  more  favorable  for  the 
fomaation  of  ice  than  the  present,  this  would  not  affect  the 
general  conclusion  at  which  I  wish  to  arrive. 

Trusting  that  these  preliminary  considerations  may  tend  to 
remove  the  partial  confusion  in  which  this  somewhat  complex 
subject  has  oeen  involved,  I  shall  now  proceed  to  examine  Mr. 
Wsdlace's  main  argument. 

[To  be  ooDtinued] 

[*  The  opinion  advocated  formerly,  and  now,  by  Mr.  Dana,  is  that  the  more 
northern  lands  (or,  in  later  papers,  portions  of  northern  lands),  were  more  eleva- 
ted than  now  during  the  era  of  iDcreasing  and  maximum  ioe,  or  the  era  distin- 
goiabed  by  him  as  the  Glacial  period;  that  this  era  was  followed  both  in 
America  and  Europe,  by  a  subsidence  of  the  same  land  initiating  the  Champlain 
period,  and  that  this  was  the  era  of  melting,  and  of  the  spreading  of  mammals 
Dcotbward,  an  impossible  occurrence  in  America  during  the  Glacial  era;  that 
aoother  era  of  ice  of  much  less  extent  occurred  subsequently  in  Europe,  if  not 
also  in  North  America,  probably  commencing  with  the  epoch  of  the  change  in 
the  land  to  its  present  level,  and  that  this  was  the  occasion  of  the  destruction  of 
the  mammals  of  North  Siberia,  and  other  faunal  changes.  The  evidences  believed 
to  favor  these  conclusions  are  stated  in  his  various  papers  and  his  Manual  of 
G«ology,  and  need  not  be  here  repeated.  The  latest  discussion  by  him  of  the 
ikts  from  Eastern  North  America  as  to  the  Champlain  subsidence  is  contained  in 
this  Journal  for  1882. 

Mr.  Dana's  opinion  as  to  the  fact  of  an  elevation  of  northern  lands  in  the 
Glacial  era  (that  is,  the  era  as  he  defines  it)  was  a  conclusion  from  facts  that  had 
been  observed  in  Europe  and  America,  and  not  a  supposition  suggested  by,  or 
thought  to  be  sustained  by,  any  theory  as  to  the  cause  of  the  elevation.  The  era 
of  maximum  ice  he  has  always  supposed  to  be  that  of  maximum  or  nearly  maxi- 
mum cold;  and  the  Champlain  era,  following,  an  interglacial  era  (for  Europe  at 
leasti  of  milder  climate,  in  which  the  Mammoth  and  the  associated  mammals  and 
other  species  of  life,  animal  and  vegetable,  of  the  colder  temperate  and  temperate 
latitudes,  reached  their  farthest  northern  limit. — J.  d.  d.] 


/ 
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Art.  XIII. —  CommHnicationB  Jrom  the  U,  S,  Geological  Surve^ 
Rocky  Mountain  division, — V.  On  Sanidine  and  Topaz,  etc.,  i 
the   Nevadile   of   Chalk  Mountain,    Colorado;    by  Whitma 

Cross. 

Chalk  Mountain  is  situated  where  Lake,  Eagle  and  Sao 
mit  Counties  join,  and  is  also  upon  the  boundary  of  the  maf 
of  the  Mosquito  Range  and  of  the  Ten-Mile  mining  distric 
which  are  soon  to  be  published  with  monographic  reports  b 
the  U.  S.  Geological  Survey.  The  description  of  the  nevadit 
which  forms  the  mass  of  the  mountain,  will  therefore  be  brie 
and  all  references  lo  manner  of  occurrence,  etc.,  omitted.  It  i 
however,  thought  desirable  to  describe  at  once  the  followin 
interesting  minerals  occurring  in  the  rock. 

The  nevadite,  while  showing  local  variations  in  stractun 
may  be  characterized  as  a  porphyritic  rock,  showing  larg 
glassy  sanidine  and  many  smoky  quarts  crystals  imb^ded  i 
a  grayish  ground-mass,  which  appears  under  the  lens  to  b 
evenly  granular,  and  is  really  so,  with  the  exception  of  isolates 
glass  particles  revealed  by  the  microscope.  Biotite  is  ba 
sparingly  present  This  nevadite  is  one  of  the  most  beaatifi] 
of  rocks,  owing  to  its  abundant,  smoky  quartz  crystals  and  fa 
a  very  delicate  but  brilliant,  satin-like  luster  exhibited  by  tb( 
sanidines.  This  luster,  or  rather  its  cause,  is  the  chief  sabjeci 
of  these  notes. 

The  lustrous  surface  is  in  the  ortho-diagonal  zone  and  iq. 
clined  a  few  degrees  to  the  ortho-pi nacoid,  as  is  evident,  in  the 
Carlsbad  twins,  usually  polysyntnetic,  the'  luster  reaching  its 
maximum  of  brightness  simultaneously  in  alternate  platea. 
Microscopic  investigation  shows  a  most  perfect  parting  paralld 
to  the  surface  of  luster  and  with  a  knife  blade  flakes  can  be 
split  off  in  this  direction  even  more  readily  than  parallel  to  the 
basal  cleavage  plane.  Thin  plates  parallel  to  the  base  (0)  show 
a  very  fine  striation  at  right  angles  to  the  line  of  ii  and  ±  to 
the  directions  of  extinction.  Thin  flakes  split  oflF  parallel  to 
the  lustrous  surface  show,  under  the  microscope,  that  the  luster 
is  due  to  interference  of  light  in  passing  the  films  of  air  be- 
tween the  extremely  thin  plates  produced  by  the  parting.  The 
thinnest  flakes,  composed  of  a  few  plates,  are  transparent  and 
exhibit  delicate  colors  of  interference,  while  those  composed  of 
more  plates  are  dull  translucent,  or  opaque,  the  light  having 
been  completely  extinguished  by  the  repeated  interference. 
The  luster  is,  then,  due  to  reflected  light  from  the  air  films  near 
the  surface,  and  to  its  interference.  By  examination  with  a 
good  hand  lens  a  delicate  play  of  colors  may  be  seen  upon  the 
lustrous  surface  of  the  crystals. 
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At  one  point  in  the  mountain,  the  nevadite,  here  unusually 
coarse-grained,  was  found  to  contain  many  small,  round  or 
irregular  druses  lined  by  minute  but  perfect  transparent  crys- 
tals, chiefly  of  sanidine  and  quartz.  The 
quartz  crystals  are,  for  the  most  part,  simple 
dihexahedrons ;    the  sanidines   thin    tablets 

which  are  almost  invariably  Carlsbad  twins 

with  prominent  development  of  the  clino- 

pinacoid.      Such   crystals  examined   under 

the  microscope,  as  they  lie  upon   the  pre- 
dominant  pinacoidal   face,   afford   a   means 

of  determining  approximately  the  position 

of  the  plane  parallel  to  which  the  parting 

referred    to    takes    place.      The   adjoining 

cut   represents    one    of    these    crystals,    a 

Donnal  Carlsbad  twin   with  a   third   and  smaller  plate,  also 

in  twin    position.      The   faces   shown    are:    /(llO),  z-i  (010), 

0(001),  1-5(101)  and  2-1  (201)  as  indicated.  From  all  the  out- 
lines and  from  basal  cleavage  or  irregular  fissures  run  dark 
lines,  in  uniform  direction  for  each  individual  of  the  twin,  and 
penetrating  varying  distances  into  the  crystal.  This  undoubt- 
€dly  represents  an  incipient  stage  of  that  parting,  which,  in  the 
large  crystals  of  the  rock,  occasions  the  brilliant  luster,  for 
these  dark  lines  do  not  represent  needles  of  any  mineral  sub- 
stance, but  the  air  films  filling  the  fissures. 

This  parting  may  be  seen  upon  all  microscopic  sanidine  crys- 
tals of  the  rock,  and  even  the  irregular  grains  of  that  mineral 
in  the  ground-mass,  when  cut  in  the  right  direction,  show  a 
very  fine  delicate  striation  which  is  undoubtedly  due  to  the 
same  cause.  As  seen  from  the  figure,  the  position  of  the  sur 
face  is  that  of  a  positive  hemi-ortliodome,  for  the  cleavage 
plates  of  large  crystals  show  the  plane  to  be  at  right  angles  to 
the  clino-pinacoid.     Assuming  the  axial  ratio 

d:J:c  =  0-653: 1:0-552  and  /f^=64'* 

as  determined  by  Striiver*  for  free  crystals  of  sanidine,  the  face 

corresponds  closely  to  JJ^-t  (15'0'2).  This  would  require  an 
angle  of  72°  40'  with  the  basal  plane,  while  that  measured  in 
the  crystal  figured  was  72°  63'.  Of  course  this  can  not  be 
regarded  under  the  circumstances  as  anything  more  than  an 
approximate  determination. 

1  am  indebted  to  Professor  G.  vom  Rath  for  the  information 
given  during  a  recent  visit  in  Denver,  that  a  similar  but  much 
fainter  luster  frequently  observed  in  crystals  of  adularia,  has 
been  proven  by  Reusch  to  be  parallel  to  a  surface  in  the  ortho- 
diagonal  zone  inclined  but  a  few  degrees  to  the  pinacoid,  and 

*  Cited  by  Tschermak,  Lehrbuch  der  Mineralogie,  1883,  p.  456. 
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probably  identical  with  that  above  described.  TJnfortona 
neither  the  original  nor  any  references  to  it  are  accessibl 
me,  hence  I  cannot  draw  any  farther  parallel  between  the 
cases. 

Accompanyiog  the  quartz  and  sanidine  in  the  cavities 
minute  leaflets  of  biotite,  a  few  ore  grains,  and  in  a  few  dr 
only,  very  perfect  crystals  of  colorless,  transparent  topaz.  I 
ally  but  a  single  crystal  of  topaz  is  present  in  one  of  the  dr 
ana  that  is  larger  and  more  perfect  in  development  than 
other.  The  topaz  is  attached  directly  to  the  walls  of  the  ca 
and  often  bears  small  tablets  of  sanidine  upon  it  The  cryf 
which  can  be  recognized  as  topaz  vary  from  0*6°"  to  3°" 
length,  but  it  seems  quite  probable  that  there  are  some  smt 
ones  indistinguishable  from  quartz. 

The  determination  as  topaz  rests  up)on  the  crystalline  fc 
which  is  very  distinct,  and  is  that  of  common  topaz.     < 
crystal    measuring  3°™  in  length   and  1°™  in   thickness 
removed  from  the  rock  and  its  angles  measured  with  a  Fi 

reflection  goniometer.  This  crystal  presents  /  (110),  t-2  (1 
and  24  (021)  as  the  dominant  forms ;  0  (001)  is  a  narrow  i 
and  44  (041)  24  (201),  2  (221)  and  1  (HI)  are  minute  but  ^ 
distinct     The  angles  measured  are  as  follows : 

Ir\I  124^  16' 


t-2  A  i-2'^over  i4 

93°     f 

Oa24 

136*"  30' 

oai 

134°   11' 

0/\2 

115°  66' 

24  appears  as  a  very  narrow  face  in  the  zone  of  2  to  2.  T 
is  the  usual  habitus  with  occasional  addition  of  i-t  and  a  mi 
prominent  development  of  0.  This  crystal  is  also  imperfec 
terminated  at  the  attached  end  showing  24  most  prominent 
with  44  and  2  also  recognizable  and  there  are  no  signs 
hemimorphism. 

In  some  druses  all  crystals  are  thinly  coated  by  a  black 
crustation  which  seems  to  be  pyrolusite. 

So  far  as  I  can  ascertain,  all  previously  known  and  deecril 
occurrences  of  topaz  are  in  granite,  gneiss  or  some  other  me 
ber  of  thQ  series  of  metamorphic  or  crystalline  schists.  In  1 
present  case  topaz  is  found  in  an  eruptive  rock,  probably 
early  Tertiary  age,  while  the  appearance  of  the  associa 
minerals  certainly  suggests  that  they  may  all  be  sublimati 
products,  though  it  is  not  capable  of  direct  proof.  The  sa 
aine  crystals  from  the  druses,  examined  microscopically,  c 
tain  gas  inclusions,  while  neither  fluid  nor  glass  inclusions  w 
seen. 
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Art.    XIV. —  (hi  the  occurrence  of  Hie  Lower  Burlington  Liine- 
stone  in  New  Mexico  ;  by  Frank  Springer. 

The  Burlingtx)n  Limestone  has  been  generally  recognized  as 
a  well  defined  group  of  the  Subcarboniferous ;  but  its  division 
into  upper  and  lower  beds  has  not  been  favorably  received  by 
geologists  outside  of  those  who  have  collected  at  Burlington, 
Iowa,  for  the  reason,  as  alleged,  that  the  existence  of  two  dis- 
tinct beds  in  this  group  is  a  local  phenomenon,  confined  to  the 
typical  locality,  and  cannot  be  demonstrated  elsewhere,  though 
ihe  group  is  well  developed  in  many  other  places  in  the  Mis- 
sissippi  Valley.     The  separation  of  the  two  members  of  the 
group,  as  well  as  that  of  the  group  itself  from  others  of  the 
Subcarboniferous,  is  based  chiefly    upon  the   Echinoderms — 
the  Mollusks  being  usually  of  greater  vertical  range,  and  many 
oi  the  best  known  species  being  found  throughout  all  the  for- 
mations of  the  upper  and  lower  Carboniferous.  It  is  only  at  Bur- 
lington that  extensive  systematic  collections  have  been  made 
with  reference  to  the  stratigraphic  position  and  distribution  of 
the  fossils,  and  there  no  difficulty  is  found  in  separating  the  two 
beds.    The  paleontological  boundary  between  them  is,  indeed, 
much  more  sharply  delined  than  that  between  the  upper  bed 
and  the  superincumbent  Keokuk  Limestone.     No  locality  has 
been  discovered    which   exhibits  a  commingling  of  types   or 
species  characteristic  of  the  two  beds,  although  it  is  to  be  ob- 
served that  there  are  some  interesting  transitional  forms,  and  a 
few  persistent  forms,  mostly  belonging  to  smaller  types  of  cri- 
coids, like  Cyai/iocrinuSj  which  range  through  the  Burlington 
and  Keokuk  beds  with  such  slight  modifications  as  to  render  it 
very  difficult,  if  not  impossible,  to  recognize  specific  distinctions. 
It  is  believed,  however,  that  there  are  various  localities  in 
Missouri,  in  which  the  Lower  Burlington   is  exposed.     Prof. 
Worthen  reports  its  occurrence  at  Mill  Greet,  six  miles  below 
Quincy,  111.     One  locality  is  known  in  the  vicinity  of  Sedalia, 
Mo.,  where  both  Burlington  beds  exist,  although  reduced  to  a 
few  feet  in  thickness,  each  containing  its  characteristic  species, 
and  these  identical  with  those  found  at  Burlington.     In  a  col- 
lection of  about  eighty  species,  examined  by  Mr.  Wachsmuth, 
be  did  not  find  a  single  new  form. 

Some  observations  made  by  the  writer  in  1882,  in  the  Lake 
Valley  Mining  District,  in  Southern  New  Mexico,  have  brought 
flight  a  number  of  interesting  facts  bearing  upon  this  que«- 
won,  not  only  confirming  the  views  of  the  Burlington  geolo- 
gists, as  to  the  distinct  character  of  the  two  beds,  but  demon- 
strating that  the  Lower  Burlington  Limestone  has  a  geograph- 
ical range  not  hitherto  suspected. 

^.  JouB.  ScL— Thied  Seeieb,  Vol.  XXVai,  No.  158.— Feb.,  1884. 
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The  region  adjacent  to  the  town  of  Lake  Valley  is  c 
terized  tO()OgraphicaIly  by  a  succession  of  comparative! 
hills,  mniiy  of  them  gently  sloping,  others  sharply  define 
abru[)t.  The  latter  character  prevails  especially  to  the  i 
ward,  where  the  hills  assume  the  proportions  of  small  i 
tains,  nnd  are  formed  of  igneous  rocks,  sometimes  in  c( 
tion  with  large  trachytic  dykes,  extending  for  miles  in  L 
To  the  north  and  northwest  limestone  predominates,  ad 
strata  are  upturned  toward  the  west  at  an  angle  of  abou 
but  there  are  a  number  of  dislocations  by  which  the 
series  of  strata  are  brought  up  to  this  angle  several 
giving  rise  to  a  succession  of  faults  on  a  north  and  souti 
of  several  hundred  feet  vertical  extent.  These  disloc 
produce  the  limestone  hills,  w^hose  general  eastern  slopes 
cide  with  tiie  dip  of  the  strata,  while  the  western  decliviti 
which  the  edges  of  the  strata  are  presented,  are  abrupt 
sometimes  perpendicular.  Faults  occur  in  other  dire 
also,  caused  by  the  eruption  or  intrusion  of  veins  of  quai 
other  siliceous  material,  bearing  mineral  ores.  Upon  the 
em  slope  of  one  of  these  limestone  hills,  the  celebrated  | 
of  Sierra  mines  occurs,  from  one  of  which — the  Sierra  G 
— over  a  million  dollars  in  silver  was  taken  within  a 
These  mines  appear  to  be  large  deix)sits  of  ore  lying  ir 
larly  between  the  limestone  strata,  where  they  have  pei 
intrudeil  from  some  subterranean  tissure.  The  limestone  i 
vicinity  of  the  mineral  veins  and  deposits  is  greatly  met« 
pbosed,  usually  bluish,  finegrained,  and  highly  siliceous 
manv  places  it  is  chert.  In  some  localities  it  is  fossilife 
yielding  gooil  collections,  and  at  one  of  these  the  following 
lion  was  made — the  measurements  being  only  approximat 

No,  9.  Chert y  limestone,  with  irregular  flinty  masses. 
In  places  of  a  light  gray  color  and  full  of  crinoidal 
remains 80 

No.  8.  Heavv-lHMldeii  crinoidal  limestone,  pink  to  drab 
in  color,  silicetMis  in  places,  with  marly  partings  be* 
tween  the  stnita,  containins;  abundant  crinoidal  re- 
inains«  brvozoa,  conils,  and  brachiojiods,  mostly  silici- 
tietl,      ./. * 40 

No.  7.  Thiii-l>ethled  bluish  limestone,  api^aring  mostly 
as  a  sh.'ilo,  o^^ntaining  crinoids,  corals,  brachiopotis  and 
bryoioru    20 

No.  i\  Pinki<h  to  bluish  limestone,  hard  and  granular, 
oontaininiT  a  large  proportion  ot*  sand, 6 

No  o,  Fine-srraine^i,  li^rht  vellow  shalev  clavs  with  flint v 
ntHlules 15 

No.  4.  Coarse  fernigiuous  limestone,  in  irregular  beds, 
with  marly  partings  containing  corals,  crinoid  plmtea 
and  slemss. 3C 
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So.  3.  Dark  brown  ferraginoiis  sandstone,  hoavy-bedded 

and  hard  below,  shaly  above, 12  feet. 

No.  2.  Very  light  yellowish  shaly  clays,  with  irregular 

flinty  masses,  without  fossils  so  far  as  observed, 8  feet. 

Ko.  I.  Unexposed  slope,  covered  by  debris^  probably 
similar  to  Wo.  2, 80  feet. 

Beds  Nos.  7  and  8  are  the  most  important  of  this  section 
paleontologieally,  and  from  tliem  almost  all  the  fossils  collected 
were  obtained.     They  are  characterized  by  fragmentary  disin- 
tegration, especially  No.  7,  which  is  generally  found  as  a  soft 
shale,  and  its  fos3ils  arc  calcareous.     From  this  bed  were  ob- 
tained most  of  the  Bhistoids,  the  Agar'icocrinus^  small  Wiodocri' 
nu«,  CyathocrinuSy  BarycrinuF..     In  No.  8,   most  of  the  fossils 
are  wholly  or  partially  silicified,  and  the  larger  species  of  Pla- 
tycrinus  and  Actwocriniis  seem  rather  to  predominate.     With 
these  exceptions  thecrinoids  are  found  irregularly  throughout 
the  two  beds.     The  color  of  the  rock  is  not  a  constant  charac- 
ter, but  is  greatly  aftected  by  the  proximity  of  mineral  veins. 
Iq  general  appearance,  and   the   mode   of   occurrence  of  the 
fossils,  these  two  beds  are  rather  like  the  upper  part  of  the  Keo- 
kuk limestone  as  it  occurs  at  Keokuk.     They  do  not  in  the 
least  resemble  the  Burlington  Limestone  in  lithological  charac- 
ters, but  tested  by  their  fossil   remains,  thry  belong  unques- 
tionably to  the  Lower  Burlington,  which  is  developed  here  to  a 
thickness  not  attained  at  any  other  known  locality. 

Aside  from  the  echinoderms,  the  fauna  in  general  resembles 
more  closely  that  of  the  Mountain  Limestone  of  Belgium,  than 
any  other  with  which  I  am  acquainted.  It  embraces  types 
that  have  been  found  in  the  Kinderhook  group,  and  its  repre- 
sentatives, the  Waverly,  of  Ohio,  and  the  Choteau,  of  Missouri, 
and  in  all  the  formations  from  these  to  the  Upper  Coal-meas- 
ures. In  their  specific  affinities,  however,  the  fossils  are  un- 
mistakably Lower  Carboniferous,  the  few  exceptions  being  of 
ty})€s  which  have  a  great  stratigraphical  range,  and  are  there- 
fore of  least  weight  in  determining  the  equivalency  of  the 
rocks.  Nearlv  all  the  forms  described  from  the  Burlinorton 
limestone  are  represented  here,  if  not  by  identical  species,  cer- 
tainly by  similar  types.  The  attempt  to  identify  the  brachio- 
pods  of  this  locality  from  descriptions,  and  by  direct  compari- 
son with  authentic  collections  from  the  Lower  and  Upper  Car- 
boniferous rocks  of  the  Mississippi  Valley,  has  not  been  in  all 
respects  followed  by  satisfactory  results,  but  it  has  demonstrated 
very  clearly  that  there  is  an  opportunity  for  some  very  inter- 
esting and  valuable  work  in  the  systematic  study  of  the  Car- 
boniferous moUusks  of  Western  America. 

The  notes  here  given  of  the  fossils  of  Lake  Valley  must  be 
regarded  as  only  preliminary  ;  they  leave  for  future  publication 
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and  illustration  the  results  oi  jx  detailed  study  of  the  collec 
tions  from  this  and  other  Lower  Carboniferous  localities  ii 
the  Rocky  Mountains,  which  I  am  convinced  will  yield  ver> 
importatit  data  bearing  upon  the  relations  between  the  greji' 
Mississippi  Carboniferous  basin  and  its  western  equivalent. 

Bka(;iitopoi>a. 

Productus  8emireticulffti48.  var.  closely  allied  to  the  variety  o 
this  ppecies  recognized  in  the  Kinderhook,  and  to  the  form  dc 
scribed  as  P.  setigerns^  var.  Keokuk^  and  its  equivalent  form  ii 
the  Upper  Burlington. 

P, ,  closely  allied  to  P,  vitttttus  of  the  Keokuk,  and  a  repr« 

sentative  form  in  the  Burlington. 

P, ,  of  the  typo  of  P.  scahn'ruhts  of  the  Keokuk. 

P, ,  of  tilt'  type  of  P.  tirewitns  of  the  Kinderhook. 

P, ,  of  the  type  P,  Shumavdinnus  of  the  Kinderhook. 

It  is  jxxssible  thai  the  last  two  forms  may  be  the  young  o 
the  P.  semi  relic  nlatus, 

Chotietes ,  closely  allied  to  (\  Loqnni  Noi'wood  &  Pratte; 

(not  Hall). 

Strophouiena  rhonthoklaliSy  of  the  form  found  in  the  Kinderhooli 
at  Burlington,  and  also  in  the  Waverly  group  in  Utah  an< 
at  ^lountain  Spring,  Nevada,  described  by  Dr.  White  in  th 
Report  of  the  Wheeler  Kxpedition. 

Ilemlpron ites  cre/i istria, 

Orthis  resupinata^  very  much  like  the  O.  Stcallovi  of  tbo  Upp«; 
Burlington. 

Orthis  jSIichelina^  strikingly  near  to  the  Belgian  form  of  th( 
species. 

Rhynchonella  Nissourien^fis — the  small  form  of  the  species  de 
scribe<l  by  Shumard. 

( 'aniarophorvi  orci<7intalfft  Miller — closely  allied  to  i?.  Cooper 
6718X8  of  the  Choteau,  and  still  more  to  an  undescribed  fora 
occurring  in  the  Upper  Bnrlington  at  Augusta,  Iowa. 

Spirifer  extenuatti8  11  all,  of  the  Kinderhot>k  of  Iowa,  apparent^ 
identical  with  the  form  described  under  this  name  by  Dr.  Whit 
from  Mountain  Sjiring,  Nevada.  Also  very  similar  to  S,  Cat 
teri  llnll  (see  Meek  in  Pal.  Oliio,  vol.  i,  p.  285),  from  the  Wi 
verly.     Probably  only  a  variety  oi"  the  European  aS'.  cusjyidatxu 

*S.  striatijonnis  Meek,  a  ^vell  marke<l  form  closely  allied  to  / 
8tria(tt8  of  Kurope.  ' 

*S',  centronatus  Winchell. 

S,  pecidf'arh  (?)  Slniniard,  apparently  identical  with  the  fori 
from  jNIountain  JSpring,  Nevada,  referred  by  Dr.  White  to  tli 
species.  It  is  well  represented,  shows  constant  characters,  ai) 
is  probal»ly  a  new  s])ecies. 

iS'.  Nova  Mexicana  Miller. 

Spiriferina ,  similar  to  /S.  8phio8a  of  the  Chester. 
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Martinia ,  of  the  type  of  M.  lineata.    A  similar  form  from 

the  Lower  CarboniferouB  of  Utah  is  referred  oy  IL  &  W.  to  -3f. 
Htigera. 

Cyrtina  ,  probably  new;    allied   to   C.   acutirostris  of  the 

Lithographic  Limestone  of  Mo. 

AthyrU  lamellosa.  A.  incrassatnsy  Hall.  A,  parviro8tri9^  M.  & 
W.  These  three  forms  are  not  distinguishable  from  similar 
forms  occuring  in  the  Keokuk,  Upper  and  Lower  Burlington, 
aud  Waverly  groups. 

Terehratula  JBurlingtofiensis  White ;  Kinderhook. 

T.  Utah  H.  &  W. — very  similar  to  the  form  from  the  L.  Car- 
boniferous of  Utah. 

In  addition  to  the  brachiopods,  there  is  an  Allorisma  like  A, 
Hannibalensis ;  a  Conocardium,  probably  new  ;  Chemnitzia ;  two 
species  of  Platyceras ;  Trematodisais  Rockymontanus  Miller ; 
a  Phillipna  and  a  Proelus ;  a  Zaphrentis  and  two  other  corals  ; 
and  a  large  number  of  Bryozoa. 

ECHINODERMATA. 

It  is  the  Echinodernis,  however,  that  constitute  the  most  im- 
portant feature  of  the  collections,  for  they  determine  the  equiv- 
alency of  the  formation.  They  consist  of  about  45  species  of 
Crinoids,  and  5  species  of  Blastoids,  which  are  distributed  as 

follows : 

IcnTnvocRiNiD.*:. 
Taxocrinus  Thiemei. 

Cyathocrinid.e. 

('ynthocriniis  loieensis  ;  C.  enonnis.  Vasocrinns  uiacropleurus. 
Ban/crint.is  Wachsmuthi  ;  B.  corniUus  ;  B.  rhombiferus. 
( 'otUocrin  us  v entricosits. 

Platyorinid.*:. 

Plaiycrimts  siihspinosua  ;  P,  plxwifs  ;  J\  pocilUformts  ;  P,  />«7«i- 
fonnis ;  P,  verrucosns ;  P,  retjtilin ;  P.  corruf/atus  ;  P. 
BurliitgtonejisU  ;  P.  parvhiodns'^  P.  sculptus  ;  P.  Shufnardi- 
anus ;  and  '6  undescribed  species. 


/ 


IHchoerinus 


,  undescribed. 

RnODOCKINID.«. 


and  one  undescribed 


Rliodocn 711(8  Wachsntuthi  ;   7?.   Worthein 
species. 

ACTINOCRIMD.*:. 

Actinocrinu8  prohoscidicdls ;  A.  coelatus  ;  A.  niulWrrachiatns  ; 
A.  opusculus  /  A.  tentdsculptus ;  A,  Copei  Ayarlcorrinus 
planocotivexus  /  A,  pyramidotns.  Amphoracrinus  diiaergens. 
Erttniocrinns  corbtdts.  Dorycrinus  uniconds.  Physetocrinns 
ornatus.    Steyanocrinus  pentaynnus;  S.  sculptus;  S.  araHeolus. 


•     •«••      •  •••••• 

••••      ••  «•••• 

•  •    •••    •  •  •  •    •••  • 

••!-!! 


•     • 


•     •  •  •  ■  • 


•  •  !  • 

•  •    •• 

•  •   •  • 
•  •  •  • 
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Symbathocbinidjb. 
Symbathocrintis ,  2  species  undetermined. 

Blastoidea. 

Granatocrinus ,  2  undeseribed  species. 

Drooiftocrimis ,  1  undeseribed  species. 

Codaster ,  2  undeseribed  species. 

Of  the  crinoids  the  most  abundant  species  is  Actinocrinu 
prohoscidialisy  which  is  found  in  all  \\s  varieties  of  omamentc 
tion,  size  and  form.  This  is  probably  the  most  characteristi 
fossil  of  the  Lower  Burlington  Limestone,  at  the  typical  Ic 
cality.  It  is  subject  to  considerable  variation  in  the  feature 
alluded  to,  yet  is  a  very  well  marked  species.  Upon  comf)ar 
ing  a  large  number  of  well  preserved  specimens  from  Lak< 
Valley,  1  am  constrained  to  believe  that  A,  Dalyanus^  dc 
scribed  b\-  Mr.  Miller  from  this  locality  (Jour.  Oin.  Soc.  Nat 
Hist,  Dec.  1881),  is  only  A,  proboscidtaiis.  Next  to  this  th< 
forms  most  frequently  found  are  Ste(/anocnnus  pentagons 
Platt/crinui>  planum  and  P.  suhspinosus,  Physetocrinus  ornatm 
and  lihodocrimts  Wortfienf\  all  pi^culiar  to  the  Lower  Burling, 
ton — tlie  lirst  and  hvst  of  tlicsc,  however,  being  among  the 
rarer  species  at  Burlington.  Every  one  of  the  species  named 
belongs  to  the  Ldwcp  Burlington  (leaving  out  A.  Copei,  which 
was  described  from  Lake  Valley),  and  the  new  species  are  of 
the  siimt;  types.  Not  a  single  species  lias  been  discovered  that 
is  peculiar  to  the  Upper  Burlington,  or  any  other  group  of  the 
Subcarboniferous.  No  one  familiar  with  the  Burlington  Cri- 
noids will  entertain  the  least  doubt  that  the  rocks  which  pro- 
duce the  species  above  enumerated  are  of  the  age  of  the  Lower 
Burlington. 

The  BUistoids,  although  all  of  undeseribed- species,  are  of  the 
types  which  prevail  in  the  lower  beds  of  Burlington. 

Among  the  Crinoids  the  Ichthyocrinidie  are  most  feebly 
represented — but  a  single  specimen  having  been  found.  Next 
in  variety  are  the  Cyathocrinidie,  of  which  only  a  few  individ- 
uals were  observed.  The  Rhodocrinidie  are  comparatively 
common,  while  the  Platycrinida^  and  Actinocrinidae  are  numer- 
ous in  individuals  as  well  as  species. 

The  collection  is  remarkable  for  tiie  entire  absence  of  Sato- 
crinuSy  which  is  one  of  the  most  common  forms  in  the  lower 
beds  at  BurlingtoiL  All  observations  as  to  the  comparative 
abundance  or  the  absence  of  certain  forms  must  be  taken  with 
much  allowance,  for  it  has  been  found  that  here,  as  at  Burling- 
ton, species  which  are  very  common  at  one  locality  are  rare  or 
wholly  wanting  at  another  not  far  distant;  and  while  the  facta 
above  stated  may  bo  taken  as  fairly  accurate  indications  as  to 
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be  occurrence  of  the  Crinoids  at  a  few  good  exposures  within 

limited  area,  it  is  not  improbable  that  they  may  be  considera- 
ilj  modified  by  further  researches,  should  other  exposures  be 
liscovered  in  the  same  region. 

The  relations  of  bed  9,  of  the  Lake  Valley  section,  are  not 
0  clear.  It  exhibits  in  some  places  irregular  layers  of  a  light- 
olored  semi-crystalline  limestone,  largely  composed  of  the  stem 
MDts  and  plates  of  Crinoids,  that  strongly  resembles  the  Upper 
lurlington.  But  among  the  few  foj^sils  discovered  therein,  I 
'as  unable  to  find  any  characteristic  upper  bed  species,  with 
je  possible  exception  of  two  fragments  of  fish  teeth — a  Cho- 
yotlodiis  and  a  Pelahrhyncus — which  are  common  forms  in  the 
Fpper  Burlington,  but  have  not  to  my  knowledge  been  as  yet 
bserved  in  the  Lower.  Further  examinations  may  reveal  a 
lore  chararteristic  Upper  bed  fauna,  but  at  present  I  am  di^^- 
osed  to  think  this  oed  represents  the  cherty  passage  beds 
etween  the  Upper  and  Lower  Burlington. 

The  strata  below  No.  7  may  be  referred,  in  part  at  least,  to 
be  Kinderhook  group,  but  I  cannot  determine  the  line  of  sep- 
ralion,  because  these  strata,  as  well  as  those  of  No.  7,  tire 
lostly  obscured  by  their  own  debris  and  the  talus  of  the 
eavier  beds  above.  The  molluscan  fauna  of  the  lower  part  ')f 
Jo.  7  is  in  many  respects  similar  to  that  of  tlie  Choteau  Lime- 
lone.  It  may  be  tliat  these  mollusks  were  associated  with 
lany  species  of  Lower  Burlington  Crinoids,  and  that  in  tliis 
ase,  as  in  some  localities  in  Iowa,  they  have  continued  to  flour- 
sh  longer,  and  appear  higher  in  the  beds,  tfian  at  tlie  typical 
ocality  of  the  Choteau.  Bed  No  3  is  similar  in  appearani;e 
oNo.5  of  White's  section  at  Burlington  (Bost.  Jour.  Nat. 
lisL.  vol.  vii,  p.  215),  and  Nos.  1  and  2  are  apparently  not  un- 
ike  No.  1  of  that  section.  A  RhytichoneUa  found  in  form  of 
astsin  No.  3  very  strongly  resembles  White's  R,  piistulosu^ 
nd  a  small  Sp{rifei\  similar  to  his  S,  soliUirostris^  was  collected 
rorn  No.  6.  Sufficient  material  has  not  yet  been  obtained 
rom  the  beds  below  No.  7,  for  a  satisfactory  determination  of 
beir  horizon. 

Some  collections  were  made  by  one  of  Lieut.  Wheeler's  par- 
es at  Mountain  Spring,  N(3vada,  and  EwellV  Sprint^,  in  Ari- 
3na,  which  Dr.  White  has  referred  to  the  Kinderhook  group 
lep.  Wheeler  Exped.,  vol.  iv,  p.  12).  At  the  first  locality 
)me  imperfect  crinoids  were  found,  and  at  the  latter,  in  what 
as  called  the  '*  upper  horizon,"  a  blastoid  of  the  genus  Oran- 
^jocrimts.  Considering  the  information  we  have  of  these  local- 
ies,  in  connection  with  what  hns  been  observed  at  Lixke 
alley,  I  think  it  not  improbable  that  further  investigations 
ill  disclose  the  existence  there  also  of  one  or  both  members 
f  the  Burlington  group. 
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Art.  XV. — Thv  Mhwesofa  VaUe//  ni  the  fee  Age;  by 

Wakuen  Upham. 

[Concluded  from  pa^e  42.] 

Two  principjil  glacial  e])ocb8  can  be  especially  distinguished, 
each  flubdivided  by  times  of  extensive  recession  and  re-advance 
of  the  ice,  as  shown  by  features  of  the  drift  in  this  State.     Tn 
the  first  Glacial  epoch,  when  the  ice  attained  its  greatest  area, 
all  of  Minnesota  except  its  southeast  corner  was  deeply  covered 
by  the  continental  ice-sheet,  and  its  border  was  several  hundred 
miles  south  <^f  this  district,  in  Nebraska,  Kansas,  Missouri  and 
southern  Illinois,  Indiana  and  Ohio,  extending  somewhat  be- 
yond the  Missouri   River,  but  icrininating  north  of  the  Ohio 
River,  except  in  the  vicinity  of  Cincinnati,  wliere  it  reached  a 
short  distance  across  that   river  into    Kentucky,  as  recently 
proved  by  Professor  Wri^^ht.     In  the  later  very  severely  cold 
epoch,  the  icc-lields  were  of  less  extent,  and  terminated  in  the 
central  ])art  of  the  United  States  from  50  to  300  miles  within 
their  earlier  limit,  covering  all  the  basin  of  the  Minnesota  river, 
but  not  enveloping  a  large  tract  in  tlie  southwest  corner  of  Min- 
nesola  and  leavir)g  uncovered  a  much  larger  area  than  before 
in   the  southeast  part  of  the  State.     The  terminal  moraines, 
wliich  form  conspicuous  belts  of  rolling  and  hilly  drift  in  Wis- 
consin, Minnesota,  Iowa  and  Dakota,  were  accumulated  in  the 
boundaries  of  the  ice  of  tiie  last  glacial  e|>och.     Between  these 
eptx^hs  the  ice  was  melted  away  within  the  Ixisins  of  the  Min- 
nesota and  Red  Rivers,  and   probably  from   tlie  entire  State. 
The  greater  part  of  the  till  appears  to  have  been  deposited  bj 
the  earlier  ice-sheet;  and  during  its  retreat  this  till  was  over- 
spread in  some  places,  especially  a'ong  tiie  avenues  of  drainage, 
by  beds  of  modi(i<*d  drilt,  or  stratified  trravel,  san<l,  and  clay, 
Wiished  from  the  material  that  had  bt»en  contained  in  the  ice 
atid  now  became  exposed   upon  its  surface  to  the  multitude  of 
rills,  rivulets  and  rivers,  that  were  formed  by  its  melting. 

In  the  prineijial  intcrglaeial  epoeii,  this  drift-sheet  was  chan- 
nelled by  wnttT-courses  until  its  valleys  were  apparently  as  nu- 
merous and  deep  as  those  of  our  present  streams.  The  inter- 
glacial  drainage  sometimes  went  in  a  dilVerent  direction  from 
that  now  taken  bv  the  creeks  and  rivers:  and  the  valleys  then 
excavat(Ml  in  the  drift,  thouirh  partly  refilled  with  till  during 
the  last  Glacial  epoch,  are  still,  in  some  instatices,  clearly  marked 
by  series  ol  lakes,  as  in  Martin  County,  in  the  south  edge  of 
Minnesota.  More  cinnmonlv  the  inter«»:lacial  water-courses  mtist 
have  occupied  nearly  the  same  place  with  the  valleys  of  the 
present  time;  and  there  seems  to  be  conclusive  proof  tbatthii 
was  true  of  the  entire  valley  of  the  Mintiesota  River.     A  long 
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period  intervened  between  the  great  glacial  epochs;  the  earlier 
ice-sheet  gradually  retreated  northward;  a  lalce  was  formed  in 
the  R<*d  River  Valley  by  the  receding  ice-barrier  on  the  north; 
the  outflow  from  this  lake,  and  the  drainage  of  tlie  Minnesota 
basin  itsi^lf  appears  to  have  excavated  the  valley  of  the  Minne- 
sota River  nearlv  as  it  now  is ;  and  the  further  recession  of  the 
ice  sheet  probably  even  allowed  the  drainage  of  the  Red  River 
basin  to  take  its  course  northward,  as  now,  to  Hudson  Bay ; 
this  being  indicated  by  fossiliferous  beds,  containing  the  shells 
and  vegetation  of  swamps,  and  trunks  of  trees,  underlain  and 
overlain  by  till,  within  the  area  that  had  been  covered  by  this 
interglacial  lake  and  was  afterward  occupied  by  Lake  Agassiz 
at  the  close  of  the  last  Glacial  epoch. 

Since  all  this,  a  severel}^  cold  climate  again  prevailed,  accu- 
mulating a  vast  sheet  of  ice  once  more  upon  British  America 
and  the  greater  part  of  MinnesoUi.  Beneath  this  glacial  sheet 
the  valley  of  the  Minnesota  River  was  partly  refilled  with  till, 
but  it  evidently  remained  an  important  feature  in  the  contour 
of  the  land  surface.  Perhaps  it  had  been  the  pathway,  along 
the  lower  part  of  its  extent,  of  a  sub-glacial  river  during  this 
later  epoch  of  ice.  At  the  final  melting  of  this  ice-sheet,  its 
(raters,  dischar»zed  in  this  channel,  quickly  removed  whatever 
obstructing  deposits  of  drift  it  had  received,  and  undermined 
its  bluffs,  giving  them  again  the  steep  slopes  produced  by  flu- 
vial erosion.  This  partial  excavation  and  sculpture  anew  were 
then  immediately  followed,  ciuring  the  retreat  of  the  ice-sheet, 
bvthe  deposition  of  the  modified  drift  75  to  150  feet  deep, 
remnants  of  which  occur  frequently  as  extensive  terraces  on 
the  sides  of  this  valley,  from  its  mouth  to  New  Ulm,  and  less 
distinctlv  beyond.  Ilad  not  the  <>Tcut  vallev  existed  nearly  in 
its  present  form  through  the  last  Glacial  epoch,  it  could  not 
have  become  filled  with  this  modified  drift,  .which  must  belong 
to  the  era  of  melting  of  the  last  icosheet. 

Modified  drift,  which  was  probably  deposited  during  the 
recession  of  the  ice  of  the  earlier  glacial  c]u)cli,  was  observ^ed 
near  New  Ulm,  forming  a  thick  bed  of  stratified  gravel  iind 
sand  enclosed  in  the  till.  The  section  sliowinj^  this  is  on  the 
extension  of  Center  street,  a  half  mile  west  of  New  Ulm. 
where  it  rises  to  the  top  of  the  blull',  180  feet  above  the  river, 
hat  only  some  100  feet  above  its  old  channel,  which  lies  be- 
tween New  Ulm  and  this  bluff.  The  height  hero  reached  is 
the  general  level  of  the  vast  prairie  of  gently  undulating  till, 
through  which  the  Minnesotxi  valley  is  excavated.  The  grade 
cuts  to  a  depth  of  about  forty  feet  at  the  edge  of  the  blufi"  and 
thence  ascends,  with  decreasing  depth  of  cut,  alc)ng  a  distance  of 
about  twenty-five  rods,  to  the  surface  of  the  drift-sheet.  This 
excavation  exhibits  two  deposits  of  true  till,  separated  by  niod- 
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ified  drift  which  is  probably  an  interglacial  formation,  supplied 
at  the  time  of  final  melting  of  the  earlier  ice-sheet  and  spread 
beyond  its  receding  margin  upon  the  unchanneled  surface  of 
the  till  that  had  been  formed  during  that  earlier  part  of  the  ice 
age.     The  upper  bed  of  till,  thus  apparently  representing  the 
total   thickness  of  {he  drift  deposited  here  in  the  last  glacial 
epoch,  is  sixteen  to  eighteen  feet  thick,  and  is  an  entirely  un- 
stratified  yellowish  gravelly  clay,  containing  occasional   rock 
fragments  up  to  six  or  eight  inches  in  diameter,  but  showing 
only  two  or  three  of  larger  size,  these  being  two  to  three  feet 
in  diameter.     IMie  bottom  of  this  upper  till,  seen  clearly  ex- 
posed along  a  distance  of  about  250  feet,  is  an  almost  exactly 
level  line.     Next  below  is  the  modified  drift  which  is  supposed 
to  have  had  its  origin  from  the  melting  ice-sheet  of  the  earlier 
Glacial  epoch.    Its  thickness  is  also  sixteen  to  eighteen  feei  and 
consists  of  yellowish  gravel  and  sand,  containing  pebbles  up  to 
six  or  eight  inches  in  diameter,  (juite  ferruginous  in  the  lowest 
one  to  three  feet,  levelly  stratiticd  throughout,  but  having  the 
horizontal   layers  often   obliquely   laminated,   the  dip  of  this 
lamination  beins?  to  the  east  or  northeast,  toward  the  Minnesota 
river,  and  varying  in  amount  from  two  or  three  to  fifteen  or 
twenty  degrees.     The  underlying  till  was  seen  along  an  extent 
of  \(k>  feet,  the  greatest  dei>tli  cut  into  it  being  alx»iit  eigbt 
feet.     Its  upper  line,  separaiing  it  from  the  modified  drift,  is 
approximately   level,  bui   undulating,  with    iis   iiighest  points 
two  or  three  feet  above  the  lowest.     This  till,  like  tlie  upper 
bed.  bears   no  mark?  of  stratification:  and  neither  shows  any 
interbeddiT'.;;  or  transition,   but   both  are   bounded   bv  definite 
lines,  at   ilieir  junction  with  the  interveninjr  gravel  and  sand. 
The  lower  i-ed  of  :ill  is  Jurk  ijlui.-h.  excepting  lor  about  twenty 
feet   from  tiie  face  of  tlie  b!ulV  in-.varl.  where  weathering  has 
v.'h:in£:ed  it  t  •  the  same  yellow  color  that  cnariicterizes  the  mod- 
i  lied  drift  and  usj-er  tiil.     In  other  portions  of  the  Minnessota 
valley,  its  blurb's  frequently  exhibit  r:.«>Jified  drift  interbedded, 
sornetiinrs  i!i  deposits  of  l:irje  eWj:*:  and   thickne.«s,  with  the 
ii!!.  wl.i'.-h  makes  ui.»  tlie  priiK-ij'a'.  muss  of  these  Vj luffs  and  of 
iLv  d.'-iit-sheet. 

A  peculiar  srriiiii^.-uiiiVi  i^bs^rvei  in  several  of  the  deposits 
of  v.l:iy  -.TiiiL-ii  Xovni  '.ii:"!  of  li.e  terraces  uf  modified  drift  in  the 
Mii.r.esotd  valley  ::.  .Sc  .".t  ai.  i  Ciirver  cou:.t:e!«,  belonging  to 
the  tiir.e  o:  dep:trtL:rT  i/i  t:.e  l;"ist  icc -^r-eet.  api^ears  to  atfora  a 
riieasjre  o:  tVe  r:;t-e  -A  -.ie:  os  tii:-::.  I:.  M.-.  Charles  Rodell's 
exoav;.::o::  'or  '  ri  k-MLikiri:  ut  Jor-ian.  the  clay  i*  bedded  in 
disti.tc:  '-oriz  r.tal  lnvers  f-o::.  t-.ree  to  eiirL:  i:;ches  thick,  aver- 
ag::.*:  six  ii.oi.vs.  Ti.ese  litve::?  ar-e  da.-k  t-laish.  often  finely 
!ar..:iu;te.i.  j..:.:.^.:.*:  a:  >»ve  .i^i  bel:»^  to  a  nearly  black,  more 
unjtuoAS  ar.  .1   f-rier   jl;-y.    wLio'r.   forms  the   partings   between 
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These  divisions  are  clearly  seen  tbroagh  the  whole 
I  of  this  excavation,  which  reaches  twenty- five  feet  below 
>p  of  the  clay  and  ^is  four  rods  long,  'f  he  height  of  ita 
3  estimated  to  be  sixty-five  feet  above  the  river.  The 
ation  of  Nye  k  Co.  at  Carver,  where  the  exposure  is  four 
long  and  fifteen  feet  high,  with  about  the  same  elevation 
i  the  Minnesota  River  as  the  foregoing,  exhibits  the  same 
fication,  except  that  here  the  layers  all  have  a  nearly  uni- 
thickness  of  three  inches.  There  is  a  tendency  to  split  at 
larker  partings,  which  are  seen  to  extend  continuously, 
passing  one  into  another,  and  preserving  a  very  constant 

I  of  three  inches  apart,  through  the  whole^of  the  section 
»ed.  They  are  from  an  eighth  to  three-quarters  of  an  inch 
,  gradually  merging  above  and  below  into  the  less  dark 
that  makes  up  the  principal  mass  of  these  layers.  The 
ng  is  nearly  level,  but  dips  one  to  two  degrees  away  at 
side.  In  this  depth  of  fifteen  feet  there  are  thus  about 
layers,  all  closely  alike.  The  alternating  conditions  which 
iced  them  were  evidently  repeated  sixty  times  in  uninter- 
d  succession.  The  only  explanation  of  this  which  seems 
jle  is  that  these  divisions  mark  so  many  years  occupied  liy 
leposition  of  this  clay.  Layers  nearly  like  those  in  the 
il  Carver  and  Jordan  are  also  seen  in  other  clay-beds  in 
alley  and  in  that  of  the  Mississippi  in  this  State.  The 
ipal  mass  of  each  layer  is  regarded  as  the  deposition  dur- 
16  warm  portion  of  a  year,  and  the  very  dark  partings  as 
^iment  during  winter  when  the  glacial  melting  was  less 
he  water  consequently  less  turbid. 

Chaska,  situated  in  the  Minnesota  valley,  two  miles  below 
tv,  the  clay  used  for  brick-making  is  modified  drift  of 
rlacial  age.  It  varies  from  twenty  to  forty  feet  in  thick- 
being  underlain  by  sand  and  covered  by  till  from  two  to 
let  thick,  holding  bowlders  of  all  sizes  up  to  five  or  six 

II  diameter,  many  of  which  are  planed  and  striated.  This 
)rms  the  surface,  thirty  to  thirty-five  feet  above  the  river. 
)nly  fossils  found  here  were  fresh-water  clam  shells,  which 
red  in  considerable  numbers  upon  a  space  four  rods  in 
iter  near  the  middle  of  Gregy:  &  Griswold's  excavation, 
in  the  upper  foot  of  the  clay,  just  beneatii  the  till.  This 
rlacial  clay,  overspread  by  till,  testifies  that  an  ice  shi*et 
ed  this  region  after  the  Minnesota  valley  had  been  eroded 
^  as  it  now  is. 

other  observation  which  seems  to  give  the  same  testi- 
,  and  to  show  that  the  modified  drift  forming  high  terra- 
id  plains  in  this  valley  was  deposited  during  the  recession 
e  ice-sheet,  is  presented  in  the  notably  uneven  surface  of 
road   part  of   the  terrace  of  this   valley  drift  in  Carver 
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county  between  Carver   River  and  Beven's  Creek.     On  this 
tract,  composed,   below  the  soil,  of  stratified  gravel  and  sand, 
extending  about  two  miles  in  width  and  elevated  125  feet  above 
the  river,  are  froquent  depressions  from   ten  to  thirty  rods  in 
diameter  and  fifteen  to  forty  feet  in  depth   below   the  general 
level,  often  enclosed  without  outlet,  and  some  of  them  contain- 
ing lakelets  and  sloughs.     Such  hollows   have  not  been  seen 
elsewhere  in  our  exploration  of  these  terraces  along  the  Minne> 
sota  Valley,   which  instead   have  generally  a  smoothly  level 
contour.     Their  origin  must  apparently  be  referred  to  sedimen-' 
tation  while  masses  of  ice  oc(!npicd   the  places  of  these  bowI« 
like  depressions.     Elsewhere  the  absence  of  such  inequalities 
in  the  surface  oT  the  valley  drift,  as  also  tiie  very  rare  occurrence 
of  bowlders  in  ir,  an<l  the  fact    that  no  portion  of  it,  excepting 
that  just  mentioned  at  Ciiaska,  is  known  to  be  interglacial  by 
having  become  covered  with  till,  together  show  that  the  depo- 
sition of  these  beds  of  modiiied   drift  took   place  outside  the 
limits  of  tiie  retreatin<^  ice-sheet.     The  valley  a|)pears  to  hare 
remained  from  excavation  in  an  inter^^hicial  ep(Xih,  and  to  have 
become  rapidly   filled   with  sediments  as  soon  ;is  the  ice  by 
which  it  had  been  envel()[)ed  was  melted  away. 

Alluvial  beds  fill  the  Minnesota  valley  at  B«*lle  Plaine,  as 
shown  by  the  section  of  tfie  salt- well,  to  a  ilepth  about  160 
feet  below  the  present  river  at  its  stage  of  low  water.  This 
well,  situated  on  the  bottomland  at  nearly  the  same  height 
with  the  depot,  or  approximately  30  feet  above  the  river  and 
72.")  feet  above  the  sea,  is  reporicci  by  Pr()fessf)r  Alexander 
Winchell  to  have  passed  through  the  following  succession  of 
deposits  before  reaching  the  bed-rock  :  soil  and  gravel,  9  feel; 
clay  and  gravel,  9  f(;et ;  sand  and  gravel,  18  feet ;  quicksand, 
54  feet,  having  it.s  base  90  feet  below  the  surface ;  coarse  sand, 
1  foot;  clay,  (5  feet,  in  which  was  found,  two  feet  from  its  top, 
a  piece  of  gra[)cvine  with  bark;  sand,  38  feet,  varying  from 
quicksand  to  coarse  sand,  in  wlii(;li  at  114  feet,  inflowing  water, 
under  ])ressure  from  the  bottom,  filled  the  pipe  twelve  feet 
with  sand,  and  a  second  time,  at  125  feet,  filled  it  five  feet; 
then  gravel,  quicksand,  anil  coarse  sand,  45  feet,  having  its 
base  iSO  feet  bchnv  the  surface,  yield inj^  water  at  144  feet, 
which  filled  the  ])ipe  with  sand  ten  leet,  and  containing  another 
piei:e  of  grapevine  at  108  feet:  next,  from  ISO  to  200  feet,  blue 
clay,  7  leet,  and  rock  fragmenis,  18  feet,  probably  both  bowl- 
der-elav  or  till:  and,  lastly,  gravel,  "1  feet;  the  whole  depth  of 
alluvium  and  drift  being  thus  2U2  feet,  extending  about  170 
feet  below  the  river. 

At  the  railroail  bridge  which  crosses  the  Minnesota  river 
close  to  its  mouth,  borinis  were  made  to  a  depth  of  60  feet 
below  the  river-bed   without   reaching    the  bed-rock.     In  the 
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well  at  Mankato,  drift  was  found  to  extend  65  feet  below 
river. 

summary  of  the  glacial  history  of  the  Minnesota  valley, 
jcorded  in  its  physical  and  geological  features  here  de- 
eil,  is  nearly  as  follows.  This  channel  excavated  in  the 
er  Maguesian  or  Calciforous  formations  far  below  the  bot- 
of  the  present  valley,  Jip{)ears  to  bave  been  eroded  by  a 
•during  the  later  Paleozoic  and  earlier  Mesozic  ages,  be- 
the  Cretaceous  subsidence  which  carried  much  of  this 
,  with  a  large  area  farther  west,  beneath  the  sea.  In  the 
principal  epoch  of  glaciation,  when  the  ice  covered  its 
test  area,  a  thick  drift-sheet,  mostly  unmodified,  was  spread 
all  this  region,  probably  covering  most  of  this  pre-glacial 
;y  with  an  unbroken,  moderately  undulating  expanse  of 
During  the  ensuing  inter-glacial  epoch,  the  drainage  of 
area  cut  a  channel,  which,  because  of  the  natural  slopes  of 
basin  determined  by  pre-glacial  erosion,  coincides  along 
h  of  its  lower  part,  where  it  crosses  the  nearly  horizontal 
ozoic  formations,  with  the  old  vallev  eroded  in  these 
a  before  the  ice  age.  The  preglacial,  and  probably  also 
interglacial  river  lay  far  below  the  present  stream.  The 
of  the  later  glacial  epoch  appears  to  have  only  partially 
ked  up  this  river-course  along  the  greater  part  of  its  ex- 
,  and  portions  which  may  have  been  obstructed  were  soon 
ineled  anew,  and  this  valley  from  its  mouth  to  New  Ulm  or 
ond  was  filled  with  modified  drift,  to  the  height  of  its  present 
loes  of  this  formation,  during  the  recession  of  the  last  ice- 
jt.  After  the  departure  of  the  ice  from  the  Minnesota 
n,  this  avenue  of  drainage  continued  through  a  long  time 
»e  the  outlet  of  Lake  Agassiz,  whence  it  received  an  im- 
ise  volume  of  water  supplied  from  the  melting  ice-fields  of 
:b western  Minnesota  and  of  a  vast  region  reaching  far  to 
north  and  northwest  over  the  basin  of  Lake  Winnipeg  and 
Saskatchewan  River.  As  long  as  streams  poured  into  this 
ey  directly  from  the  melting  ice-sheet,  its  modified  drift, 
lered  from  the  ice  in  which  it  had  been  held,  continued  to 
•ease  in  depth  ;  but  when  the  great  glacier  had  retreated 
oiul  the  limits  of  the  basin  of  the  Minnesota  River,  the  water 
barged  here  from  Lake  Agassiz  brou«j;ht  no  modified  drift, 
was  consequently  a  most  powerful  eroding  agent.  By  this 
lity  river  the  valley  drift  so  recently  deposited  was  mostly 
pi  awa\%  and  the  channel  was  excavated  to  a  depth  lower 
1  the  present  river  and  perhaps  quite  the  bottom  of  the 
:e]  and  sand  in  this  valley  at  B(»lle  Plaine,  which  is  150  feet 
»w  the  river  there  and  about  140  feet  below  low  water  in 
Mississippi  at  Saint  Paul.  Since  the  ice-barrier  which  had 
3ed  Lake  Agassiz  disappeared  and  that  lake  was  drained 
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northeastward  to  IliuUon  Ray,  the  Minnesota  valley  and  tha 
of  the  Mississippi  below,  carrying  only  a  small  fraction  of  thei 
former  volume  of  wat«r,  have  become  considerably  filled  b; 
the  alluvial  gravel,  sand,  clay  and  silt,  which  have  been  brough 
in  by  tributaries,  b'Mng  spread  for  the  most  part  somcwha 
evenly  along  these  valleys  by  tlieir  floods. 

The  changes  produced  by  this  post-glacial  sedimentatioi 
have  been  pointed  out  and  ably  discussed  by  Gen.  G.  K.  War 
ren,  who  thus  added  much  to  our  knowledge  of  the  geoloj^ica 
history  of  the  Minnesota  and  Mississip|>i  Rivers.  Lakes  Trav 
erse  and  Big  Stone  and  Lac  cjui  Parle  occupy  hollows  in  thi 
outlet  of  Lake  Agassiz  due  U)  inequalities  of  these  recent  de 
posits.  At  the  mouth  of  the  Minnesota  River,  the  Mississippi 
has  brought  more  sediment  tlian  its  branch,  which  is  thus 
dammed  for  a  distiince  of  thirty  miles,  to  Little  Rapids,  with  a 
depth  of  20  to  2.")  feet  at  low  water.  The  current  of  this  part 
of  the  Minnesota  througli  tiie  dry  season  is  very  sluggish  or 
impercej)tible,  and  its  surface  often  becomes  considerably  cov- 
ered with  the  green  scum  of  cryptogamous  vegetation  charac« 
teristic  of  pools  and  lakes.  The  cliannel  here  is  from  fifteen 
to  twenty-five  rods  wide,  with  no  lake-like  expansions;  but 
lakes  from  one  to  (bur  or  five  miles  long,  and  from  a  quarter 
to  a  half  mile  wide,  lie  near  the  river  and  parallel  with  it  at 
each  side,  upon  the  bottomland.  Lake  Pepin,  having  a  depth 
of  about  sixty  feet,  according  to  General  Warren,  lies  in  the 
continuation  of  this  valley  which  was  deeply  channeled  by  the 
outflow  from  Lake  Agassiz,  because  it  has  become  unequally 
filled  below  the  foot  of  this  lake  by  the  deposition  of  alluvium 
from  the  Chippewa  River.  Two  of  the  tributaries  of  the  Mis- 
sissippi from  the  east  were  similar  outlets  of  floods  supplied 
by  glacial  melting  after  they  had  become  free  from  their  modi* 
tied  drift  by  flowing  through  a  lake.  Lake  Superior,  held  b? 
an  ice  barrier  on  the  northeast  at  a  level  about  500  feet  alwve 
its  {)resent  height,  overflowed  at  the  head  of  the  Bois-  BruW 
River,  by  Upper  St.  Croix  Lake  and  the  St.  Croix  River.  The 
Mississippi  valley  at  the  mouth  of  this  river,  as  in  the  case  of 
the  Minnesota  River,  has  become  more  filled  by  post-glacial  de- 
posits than  its  tributary,  which  is  thus  held  as  back-water 
twenty  miles,  to  the  head  of  Lake  Saint  Croix,  which  is  25  feet 
deep.  Lake  Michigan,  till  the  receding  ice-sheet  was  melted 
from  its  j)resent  outlet  at  the  north,  similarly  discharged  south- 
ward by  the  Illinois  River,  which,  like  the  foregoing,  is  ob- 
structed at  its  mouth  by  the  alluvium  of  the  Mississippi.  At 
low  water  the  greater  part  of  its  length  is  dammed,  and  has  i 
very  slight  and  often  imperceptible  current  through  the  twc 
hundred  miles  from  La  Salle  by  Lake  Peoria  to  its  mouth 
Major  Long  remarked:   "This  part  of  the  river  may  wit] 
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mach  propriety  be  denominated  an  extended  pool  of  stagnant 
water. '  All  these  results  of  recent  fluvial  action  show  that 
the  drainage  from  the  final  melting  of  the  ice-sheet  excavated 
the^e  valleys  to  depths  much  lower  than  they  have  now,  and 
make  it  very  probable  that  the  deposits  penetrated  by  the  first 
180  feet  of  the  Belle  Plaine  salt  well  are  wholly  post-glacial. 

The  exposures  of  rock  over  which  the  Minnesota  River  flows 
at  Little  Rapids,  ten  miles  below  Belle  Plaine,  do  not  forbid 
this  conclusion,  for  the  topography  of  the  valley  in  that  vi- 
cinity indicates  that  a  much  deeper  channel  than  that  now 
occupied  by  the  river  may  have  existed  there  since  the  ice  age, 
passing  a  mile  and  a  half  east  and  a  mile  northeast  of  the  Lit- 
tle Rapids.  This  course  of  the  river  along  which  it  is  believed 
10  have  cut  a  channel  in  the  easily  eroded  Jordan  sandstone  to 
a  depth  equal  to  that  of  the  fluvial  deposits  penetrated  by  the 
well  at  Belle  Plaine,  extends  northeastward  diagonally  across 
section  5,  Sand  Creek ;  then  northerly  through  the  west  part  of 
section  33,  Louisville;  and  thpnce  northwesterly  through  sec- 
tion 29.  It  thus  leaves  the  present  river  a  mile  south  of  these 
rapids,  and  returns  again  to  it  about  a  mile  south  of  Carver, 
after  passing  east  and  north  of  the  island-like  sandstone  out- 
crops of  section  32,  Louisville.  The  recent  accumulation  of 
sediments  that  fill  this  avenue  to  a  height  slightly  above  the 
Little  Rapids,  has  turned  the  river  that  way,  so  that  it  has 
abandoneu  its  former  course  and  now  flows  over  ledges  of  sand- 
stone. 

Four  features  of  the  glacial  drift  in  Minnesota  seem  to  me 
very  impressive  and  even  grand.  These  are,  first,  the  great 
thickness  of  the  drift  and  its  extent  over  large  areas  where  it 
conceals  and  deeply  covers  all  the  surface  of  the  older  bed- 
n>cks;  second,  the  terminal  moraines;  third,  Lake  Agassiz ; 
and,  fourth,  the  outlet  from  this  lake,  which  has  been  the  theme 
of  the  present  paper.  Professors  J.  D.  Dana  and  J.  W.  Spen- 
cer, to  the  latter  of  whom  we  are  indebted  for  valuable  work 
in  the  Quaternary  geology  of  the  region  of  Lakes  Erie  and  On- 
tario, have  expressed  the  desire,  in  which  I  heartily  join,  to 
recognize  in  the  nomenclature  of  American  geology  the  work 
of  the  engineer  who  in  the  years  1866  to  1869,  made  a  survey 
of  the  Minnesota  valley  from  Big  Stone  LaUe  to  its  mouth,  and 
from  whose  observations  and  writings,  already  several  times 
referred  to,  this  essay  has  received  most  important  contribu- 
tions and  suggestions.  Therefore  it  seems  fitting  to  propose 
here  for  the  ancient  river  which  flowed  in  the  Ice  Age  where 
Lakes  Traverse  and  Big  Stone  and  the  Minnesota  River  now 
ire,  this  name,  the  JRivei'  \Varrtn/]n  honor  and  in  memoriam  of 
Oen.  G.  K.  Warren,  the  author  of  the  first  adequate  descrip- 
tion of  this  valley. 
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Art.   XVI. — Olacvd  Drift  in  Montana  and  Dakota;  by 

Charles  A.  White. 

[Published  in  advance  by  permission  of  the  Director  of  the  U.  S.  Greol.  Survey.] 

In  this  Journal  for  March,  1883,  page  206,  I  announced  th< 
presence  of  true  northern  glacial  drift  in  the  region  about  th< 
mouth  of  Yellowstone  River.  While  prosecuting  geologica 
work  in  Northwestern  Montana  last  summer,  including  a  row 
boat  journe}'  down  the  Missouri  River,  my  observations  of  tha 
drift  were  extended  much  farther  westward.^  These  observa 
tions  were  largely  conQned  tt)  the  immediate  valley  of  th( 
Missouri  River,  hut  a  part  of  them  extended  to  the  vicinity  o 
the  Bear  Paw  Mountains.  They  extended  continuously  fron 
the  Great  Falls  of  the  Missouri,  to  Bismarck,  Dakota;  and  mon 
or  less  of  the  drift  material  was  seen  at  intervals  all  the  way 
a  distance  of  more  than  a  thousand  miles.  As  a  rule,  th< 
northern  drift  material  in  all  that  region  seems  to  be  small  it 
amount,  as  compared  with  that  of  the  region  farther  eastward 
In  a  few  places  I  observed  a  little  drift  clay,  but  usually  onh 
sparsely  scattered  bowlders  and  pebbles  were  seen  ;  the  forme 
were  generally  small,  but  a  few  were  seen  that  would  weigl 
several  tons. 

This  northern  drifl  material  is  quite  distinct  in  lithologics 
chanacter,  as  it  is  in  its  origin,  from  the  coarse  pebble  drii 
which  is  so  common  in  all  the  valleys  of  the  great  Rock 
Mountain  region  as  well  as  upon  a  large  part  of  the  adjacer 
upland  surfaces.  It  is  composed  of  bowlders  and  pebbles  < 
granitic  and  schistose  rocks,  such,  for  example,  as  characteri2 
the  northern  drift  in  Minnesota.  Among  them  also,  not  unfn 
quently  occur  masses  of  fossil  if  erous  rocks,  such  as  also  fn 
quently  occur  in  the  drift  of  the  region  to  the  eastward.  Th'es 
fossil iferous  rocks  appear  to  be  of  Cambrian  or  Silurian  age,  t 
a  rule ;  but  at  a  point  in  the  valley  of  ihe  Missouri  river  aboi 
100  miles  above  the  mouth  of  the  Yellowstone,  I  found 
bowlder  of  Devonian  limestone  among  the  other  drift  materia 

The  most  satisfactory  ob>ervations  were  made  in  the  neigl 
borhoud  of  tlie  sou<.hern  side  of  the  Bear  Paw  group  of  moui 
tains.  Here  in  the  valley  of  Eagle  creek,  which  is  shallow  an 
several  miles  wide,  the  surface  is  largely  covered  with  chara( 
teristic  drift-knolls;  and  a  couple  of  small  drift  lakes  were  als 
seen  there.  It  is  interesting  that  although  this  accumulatio 
of  drift  is  at  the  southern  55ide  of  these  mountains,  it  consist 
mainly  of  the  granitic  and  schistose  material  which  charactei 
izes  the  northern  drift  elsewhere.  Mingled  with  it,  howevei 
are  numerous  fragments  of  the  trachytic  rocks  which  constitut 
the  bulk  of  the  mountains. 
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These  observations  were  all  incidental  to  oth^r  work,  and 
therefore  incomplete;  but  they  are  deemed  important  as  indi- 
cating the  broad  extent  of  the  region  over  which  the  northern 
glacial  drift  has  been  distributed. 


Art.  XI IL — Phenomena  of  the  QUxcial  and  Champlain  Periods 
about  the  mouth  of  the  Connecticut  Valley — Utat  tSy  in  tlie  New 
Haven  Begion  ;  by  James  D.  Dana.    (With  Plates  I  and  II.) 

In  the  last  volume  of  this  Journal  the  phenomena  of  the 
Glacial  era  in  the  New  Haven  region  were  described  and  dis- 
eased.    It  remains  to  describe — 

n.  The  phenomena  op  the  Champlain  Pebiod,  or  the  con- 
sequences OP  THE  Glacial  plood  in  the  New  Haven 
Region. 

In  order  that  the  facts  connected  with  the  flood-deposits  may 
be  clearly  understood  the  map  used  for  illustrating  the  former 
paper  is  here  reproduced  (Plate  I)  with  the  area  of  the  great 
flood-plain  or  terrace- formation  colored.  The  scale  of  this  map 
is  Jbur-tentJis  pf  an  inch  to  the  mile.  Another  map  on  a  much 
larger  scale — two  indies  to  the  mile — of  the  middle  portion  of 
the  region  is  presented  on  Plate  II,  giving  the  details  with 
regard  to  the  topography  along  the  valleys  and  over  the  plain, 
the  heights  above  mean  tide,  and  by  contour  lines  the  features 
of  the  adjoining  country.  The  dotted  line  at  the  btise  of  the 
hills  is  the  boundary  of  the  flood-plain  or  terrace-formation. 

The  bai^is  of  this  map  is  a  reduction  from  the  Bache  Coast 

Survey  Chart,  referred  to  on  page  343  of  the  last  volume.     The 

contour-lines  across  the  plain  have  been  omitted,  and  instead  the 

actaal  height  of  the  plain  above  mean-tide  level  from  the  Sound 

northward  is  in  figures.     These  heights  have  been  obtained  by 

levelling,  using  as  a  base  the  heights  of  street  curbs  from  the 

Report    of  the  City  Surveyor,   and  occasional  points  along  the 

contour-lines  of  the  Coast  Survey  chart.     In  all  cases  in  and  about 

the  City  of  New  Haven  they  give  the  origmal  height  of  the  plain. 

They  are  not  always  the  present  actual  height,  for  city  grading 

has  made  large  changes ;  but  happily  some  portions  of  the  plain 

still    remain  in  places  where   the  buildings  are  most  crowded. 

Outside  of  the  crowded  portion  of  the  city,  the  plain   is  still 

mostly  undisturbed  except  adjoining  or  along  the  roads  crossing 

the  valleys.     Moreover,  the  shore-line  along  the  head  of  the  bay 

is  restored  to  its  former  outline.     The  tidal  flats  along  the  rivers 

are  cross-lined. '    The  contour  lines  are  for  every  20  feet ;  in  the 

Coast  Survey  chart  mean  high  tide  is  the  base,  but  the  heights  in 

Am.  Joub.  8ci.— Third  Series,  Vol.  XXVII,  No.  158.— Feb.,  1^84. 
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the  map  are  above  mean  tide,  which  is  3  feet  below  mean  high 
tide.  The  map  (Plate  II)  gives  the  original  square  of  the  city, 
half  a  mile  each  way,  as  laid  out  in  1638 ;  the  city  now  extenoi 
over  the  whole  breadth  of  the  map. 

Before  describing  the  "Kettle-holes"  of  the  plain  and  the 
valley-like  depressions  that  look  like  deserted  river  channels, 
it  is  necessary,  preparatory  to  a  discussion  of  their  origin,  to 
review  briefly  the  facts  relating  to  the  transporting  agents  of 
the  region,  although  the  facts  are  contained,  for  the  most  part, 
in  former  papers  by  the  author. 

I  shall  treat  ^r5^,  of  the  rivers;  secondly^  of  the  deposits 
made  by  the  flooded  rivers ;  thirdly^  of  the  dfepressions  over  the 
flood-plain  or  terrace-formation. 

1.   The  Rivers. 

The  order  of  size  in  the  three  streams  which  traverse  the 
New  Haven  Region  on  their  way  to  the  Sound,  is  now  as 
follows : 

Length.  Approximftte  dralntf  tm. 

1.  Quinnipiac  River 33  miles  120  sq.  m. 

2.  MillRiver 16      "  60     •• 

3.  WestRiver 16      "  38     " 

In  the  era  of  maximum  flood  the  relative  rank  of  the  first 
two  rivers  was  reversed,  through  a  gain  in  length,  on  the  pan 
of  Mill  Biver,  of  16  miles  from  the  Quinnipiac,  the  upper  half, 
and  also  the  larger  part  of  Farmington  River.  fThis  Journal, 
XXV,  441,  1883).     The  size  of  the  three  streamy  tnus  became— 

Length.  Drainaff^^rea. 

1.  Quinnipiac  River 18  m.  66  sq.  m. 

2.  MiURiv*r 76  "  460       " 

3.  WestRiver 16  "'  38       " 

The  first  two  of  these  streams  were  changed  by  the  flood 
also  in  the  altitude  of  their  sources.  Mill  River,  as  a  cod- 
sequence  of  the  addition  of  the  Farmington,  drained  the 
high  plateau  of  southwestern  Massachusetts  and  northwestern 
Connecticut,  one  of  the  Massachusetts  branches  commencing 
near  the  Becket  Survey  Station,  which  has  a  height  at)ove  the 
sea  of  2194  feet,  and  another  near  the  Sandisfield  Survey  Sta- 
tion, 1698  feet.  The  abbreviated  Quinnipiac  flowed  from  re- 
gions mostly  less  than  300  feet  above  the  sea,  only  very  short 
lines  on  trap  ridges  extending  higher.  West  River  flowed,  as 
before,  from  the  high  town  of  Bethany,  averaging  500  feet  in 
elevation,  above  the  sea-level. 

But  the  working  force  of  these  streams  and  their  influence 
on  the  features  of  the  New  Haven  deposits  depended  much  on 
their  slopes  just  north  of  and  within  tne  region,  and  especially 
south  of  the  latitude  of  the  Mt.  Carmel  gap.     The  level  of 
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maximum  flood  in  the  latitude  of  the  gap,  as  determined  from 
the  height  of  the  upper  terrace,  was  (1)  on  the  Quinnipiac  70 
feel  above  mean-tide ;  (2)  on  Mill  River  118  feet,  or  48  feet 
higher  than  on  the  Quinnipiac ;  and  (8)  on  West  River,  800 
feet  Nine  miles  south,  in  the  line  of  the  head  of  New  Haven 
Bay,  the  normal  terrace-levels,  and  therefore  flood  level,  was 
aboat  40  feet  above  mean  tide.  Hence  for  ihe  interval,  the 
descent  was 

Detcent  In  9  mllet.  Descent  per  mile. 

On  the  QuiDoipiac 30  feet.  3^  feet 

OnMOlRiver 78    ••  8f    •• 

On  West  River 260    "  29    " 

Thas  the  Quinnipiac  was  relatively  feeble  not  only  through 
its  smaller  supply  of  water,  but  also  in  its  much  less  slope  over 
the  Dorthern  part  of  the  New  Haven  region.  Even  West 
River  was  a  stream  of  more  power.  In  view  of  the  relation 
in  drainage  areas  and  slope,  I  am  led  to  conclude  that  the  en- 
ergy or  effective  force  of  these  streams,  the  Quinnipiac,  West 
Biver  and  Mill  River,  may  be  approximately  represented  by 
the  ratio  1:4: 25. 

The  slope  of  the  land  was  probably  less  than  now  through  a 
change  of  level,  as  deduced  in  a  former  paper ;  but  any  dimi- 
nution of  slope  would  increase,  not  diminish  the  contrast ;  for 
2  feet  less  would  be  a  large  deduction  from  8^  feet,  but  from 
^or29  very  small. 

At  the  present  time  the  tides  extend    up  West  River  to 

^estville,  and  up  Mill  River  to  Whitney ville,  in  each  case  2^ 

'Biles  north  of  the  latitude  of  the  head  of  New  Haven  Bay. 

^n  the  Quinnipiac  they  reach  7  miles  north  of  the  same  line, 

^f  a  mile  above  North  Haven  ;  and  ihe  four  more  northern  of 

*he  seven  miles  are  over  very  broad  tidal  meadows,  as  shown 

on  Plate  L 

2.  Deposition  by  the  three  streams. 

The  three  rivers  emerged  from  their  valleys  on  passing  the 
Extremities  of  the  West  Rock  and  East  Rock  ridges;  thence 
^hey  worked  to  some  extent  unitedly.     This  united  action  is 
proved  by  the  fact  that  the  plain  from  this  line  southward  is 
^iontinuous  across  its  breadth  of  4^^  miles,   and  has  nearly  a 
<^inmon  normal  height,  along  east-and-west  lines.     Moreover, 
the  deposits  have  throughout  the  same  kind  of  structure  and 
<ionstitution,  the  flow-and-plunge  style  of  cross-bedding  being 
«ommoTj    in  all  parts,  and  the  whole  formation   bearing  evi- 
dence of  simultaneous  fluvial  origin. 

Further,  the  work  of  the  several  streams  as  measured  by  the 
deposits  ihey  made  corresponds  well  with  the  estimate  which 
"8  given  above  of  their  relative  capability. 
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a.  The  Quinnipiac  River. — The  Quinnipiac  made  deposits  ( 
sand,  with  some  fine  gravel,  on  its  east  side,  east  of  its  presei 
broad  marshes,  but  almost  none  on  the  west  side  ;  which  &ict 
evidence  that  the  river  transported  but  little,  and  that  the  mj 
terial  of  the  east-side  deposits  were  mostly  from  tributary  sn| 
plies.  Along  the  borders  of  the  Quinnipiac  meadows  thei 
are  clay-beds;  but  these  are  bottom  or  early  deposits  of  \\ 
terrace  formation,  of  quiet  water  origin,  not  those  of  full< 
half  flood.  They  appear  to  rest  on  the  unstratified  drift  or  ti 
that  covers  the  sandstone,  and  derived  the  clay  from  the  till. 

South  and  southeast  of  East  Bock,  a  high  terrace,  full  a  mi 
wide,  stretches  from  Mill  River  eastward  to  Fair  Haven,  ao 
for  four-fifths  of  this  distance  it  fronts,  or  is  south  of,  the  wic 
Quinnipiac  meadowa  Topographically  it  is  a  Quinnipiac  te 
race;  and  yet  not  so  in  origin,  for  it  is  in  reality,  as  show 
beyond,  a  Mill  Rive)'  ierriXce. 

Thus  the  Quinnipiac  has  little  to  show  of  its  work  in  tt 
New  Haven  plain. 

b.  West  Rivei\ — In  contrast  with  the  Quinnipiac,  We 
River,  on  the  west  side  of  the  New  Haven  region,  contribute 
largely  to  the  plain.  Its  terrace  depositions  south  of  Wes 
ville  are  three-fourths  of  a  mile  wide  on  the  west  side  of  tl 
river  alone.  About  Westville,  where  the  stream  escaped  froi 
its  valley,  the  deposits  are  of  the  cobblestone  kind  for  a  dept 
from  the  top  of  30  feet  or  more,  and  they  are  but  little  1« 
coarse  on  the  east  side  of  the  river,  where  it  received  the  coi 
tributions  of  Wilmot  brook.  The  coarseness  gradually  dimii 
ishes  southward ;  and  three  miles  south,  about  its  moutb,  th 
deposits  consist  mainly  of  sand — a  change  attributable  to  Ioe 
of  velocity. 

c.  Mill  River, — Mill  River,  the  great  central  stream,  sprea 
its  flood  waters  across  the  whole  region,  mingling  its  depos 
tions  with  those  of  West  River  on  one  side,  and,  on  the  othe 
taking  possession  as  above  stated,  of  the  Quinnipiac  vallej 
The  latter  result,  like  the  former,  was  a  consequence  of  its  grej 
slope  and  volume.  The  hurrying  stream  passed  the  Whitne; 
ville  gap  at  a  level  full  seven  feet  above  that  of  the  Quii 
nipiac  just  east  of  it;  and  on  reaching,  a  mile  below,  the  en 
of  the  intervening  East  Rock  ridge  (at  E)  it  must  have  made 
violent  dash  eastward,  carrying  as  it  went  its  load  of  sand  ar 
gravel  into  the  Quinnipiac  area.  The  coarse  gravel  deposits 
the  terrace  on  the  Mill  River  side  attest  to  the  violence  of  tl 
flow  at  this  point ;  and  a  diminution  of  coarseness  eastwa; 
corresponds  to  the  loss  of  velocity  as  the  w^aters  spread  eastwai 
Moreover  the  terrace  deposits  to  a  depth  of  25  feet  from  t 
top  have  the  .cross-bedded  structure  that  would  have  be 
produced  by  the  flow  of  Mill  River,  proving  that  it  had  co 
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plete  control  in  the  deposition.  The  direction  of  dip  in  the 
-cross-bedding  is  the  reverse  of  that  in  the  finer  and  redder  beds 
of  the  lofwer  25  feet,  and  the  transition  is  an  abrupt  one.* 
Only  this  earlier  portion,  made  before  the  waters  were  above 
half  flood  height,  was  stratified  by  the  Quinnipiac  current 

The  torrential  character  of  Mill  River  in  the  Whitnejr- 
ville  gap  is  attested  to  by  a  number  of  large  pot  holes  made  m 
the  sandstone  of  the  west  bank  near  the  flood-level  of  the  era. 
One  of  these  pot-holes  (4J  feet  wide  and  7  deep)  may  now  be 
seen  by  the  road  side,  140  yards  above  the  dam  and  nearly  60 
feet  above  tide  level ;  and  two  others  were  opened  to  view  and 
-cut  away  in  the  grading  of  the  road  a  few  years  since. 

Mill  River,  therefore,  was  the  chief  source  of  the  stratified 
drift  or  terrace  deposits  of  the  New  Haven  region.  We  have, 
consequently,  to  look  to  it  .for  an  explanation  of  the  more 
prominent  features  of  the  New  Haven  plain. 

The  general  southward  slope  of  the  terrace- formation  from 
Mt  Carmel  to  the  Sound  has  been  already  given.  The  facts 
are  still  better  before  the  reader  on  the  maps  accompanying 
this  paper,  the  height  being  stated  on  the  larger  map,  in  figures. 
A  review  of  them  in  this  place  is  therefore  not  necessary. 

3.    The  depressions  of  the  New  Haven  plain. 

The  depressions  of  the  plain  are : 

(1.)  The  flood-made  river-channels,  bounded  for  the  most  part 
by  the  terrace-fronts  facing  the  existing  streams. 

(2.)  Depressions  in  the  plain  made  by  drainage  from  its  sur- 
face. 

(8.)  The  area  of  a  low  terrace,  of  20  to  25  feet  elevation, 
bordering  the  bay  on  the  north  side,  and  Mill  River  on  the 
west  and  less  widelv  on  the  east. 

(4.)  Two  long  depressions  that  look  like  portions  of  large 
river-channels. 

(5.)  The  "Kettle-holes." 

(1^  The  flood-made  river-channels, — These  broad  river- ways  of 
tbe  flood  era  answer  to  the  channels  of  the  modern  stream  be- 
tvreen  the  terrac€|,-front8 — the  banks  as  they  are  called — of  its 
«Tiodern  flood-ground,  and  had,  as  I  have  elsewhere  explained, 
tibe  same  mode  of  origin.  Like  them :  (1)  they  were  made 
along  the  course  of  the  greatest  velocity  in  flood-time ;  (2) 
'tbeir  depth  below  flood-height  is  (excluding  some  later  erosion 
^t  bottom)  the  depth  of  scour,  which  depth  was  dependent 
mainly  on  the  velocity  and  the  kind  of  bottom ;  and  (3)  the 

•See  Geol.  of  New  Haven  Region,  Trans.  Connecticut  Acad.,  vol.  ii,  1870,  and 
^is  Jounial,  III,  vol.  i,  p.  173,  where  the  section  of  the  fonnation  showing  the 
'^^ersed  dip  is  introduced. 
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bordering  terrace  and  terrace  fronts  are  a  consequence  of  losa^ 
on  either  side,  of  velocity  in  the  transporting  waters  resulting 
in  deposition. 

(2.)  Depressions  from  surface  drainage, — Of  the  depressions 
whicn  look  as  if  referable  to  surface-drainage,  two  are  of  spe- 
cial interest  These  are  Ikist  Creek  and  West  Creeky  east  and 
west  of  the  original  New  Haven  square,  as  shown  on  the  map 
of  Plate  II.  Both  streams  flowed  in  part  between  abrupt 
terraces  for  nearly  half  a  mile  from  the  bay,  and  the  latter  of 
the  creeks  admitted  the  ships  of  the  early  colonists  for  half 
that  distance;*  but  under  city  grading  both  creeks  have  disap- 
peared, and  the  channels  are  fast  becoming  obliterated.  The 
map  renders  further  description  of  them  in  this  place  unneces- 
sary. The  size  of  the  channel  of  West  Creek  between  the 
terraces,  and  certain  features  common  to  both  soon  to  be  stated^ 
lead  to  the  conclusion  that  they  may  have  a  long  history,  even 
antedating  the  existence  of  the  plain,  and  are  only  in  some 
later  modifications  a  result  f»f  suriace-draiiiage. 

(8.)  The  low-terrace  area. — This  area,  as  the  larger  map  show» 
— by  the  heights  given  on  it  and  a  band  of  shading — extends 
from  the  bay  and  West  Creek  valley  northeastward  over  the 
lower  half  of  ihe  central  square  of  New  Haven  and  onward 
for  a  mile  up  the  west  side  of  Mill  Biver,  and  also  over  a  small 
region  east  of  the  southern  part  of  this  stream.     In  height  the 
terrace  is  15  to  20  feet  below  the  normal  upper  terrace.    Oa 
glancing  over  this  area  on  the  map  (Plaie  II)  and  noting  i 
relations  to  Mill  River  channel,  it  is  manifest  that  it  is  ($impl 
the  area  of  a  low  Mill  River  terrace  ;  and  the  facts  show  tn 
its  existence   was   determined  by  the  velocity   of  the  water"^ 
during  the  flood  ;  that  it  lies  where  the  depth  of  scour  was  t 
great  for  the  building  up  of  the  terrace-deposits  to  their  no 
mal  height,  or  that  of  the  New  Haven  plain  elsewhere.     Pa^^ 
of  the  evidence  consists   in    the  exceedingly   coarse,    largely 
cobble-stone,  character  of  the  underlying  gravel.     The  direct- 
tion  of  the  band  of  coarsest  gravel  indicates  that  Mill  River  fol- 
lowed a  nearly  straight  course  from  Whitneyville  to  the  head 
of  the  Bay,  this  being  one  of  the  numberless  examples  of  t 
straight  cut  made  in  rivers  by  the  great  floo^. 

The  low  terrace  is  hence  one  of  the  phenomena  manifesting 
the  power  and  influence  of  Mill  River. 

(4.)  TTie  long  depressions  resembling  fragments  of  former  river 
channels. — These  channel  like  depressions  are  called  the  Beaver 
Pond  Meadows  and  Pine  Marsh  Oreeh  Their  location  is  given  on 
both  maps,  and  their  special  features  on  the  larger  one,  Plate  II. 
As  there  seen,  they  stretch  southward  through  the  middle  part 

*  The  veasels  came  to  anchor  at  what  is  now  the  comer  of  Congress   Avenu* 
«nd  Oak  Street. 
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of  the  New  Haven  plain,  between  Mill  Rock  on  the  east  and 
Pine  Rock  on  the  west,  and  each  is  atout  If  ths  mile  long.* 
They  are  sunk  25  to  35  feet  below  the  level  of  the  plainj  and 
are  confined  for  the  most  part  by  terrace  fronts  of  this  height. 
They  have  a  width  mostly  of  800  to  1,000  feet,  and  a  bottom 
of  peat  meadows,  though  with  some  encroaching^  areas  of  sand 
deposits ;  the  level  of  the  marshes  in  the  Beaver  Pond  depres- 
sion is  27  feet  above  mean  tide,  and  in  the  Pine  Marsh,  S3  to  35 
feet  They  are  much  like  the  West  River  channel-way  be- 
tween its  terrace  fronts ;  or,  rather,  like  fragments  of  it,  for 
they  are  marvelously  short  for  the  great  breadth  and  depth. 
The  western  depression — that  of  the  Beaver  Pond  Meadows — 
18  wholly  isolated  from  any  of  the  rivers  of  the  region  both  to 
the  north  and  south,  but  has  a  lateral  connection  by  a  valley 
with  Mill  River  valley.  Each  has  its  stream,  one  emptying  by 
the  fofteraZ  channel  referred  to  into  West  River,  the  other  join- 
ing Mill  River  by  its  norHi  end.  These  streams,  although  not 
two  miles  long,  which  is  very  short  for  the  great  valley  they 
occupy,  are  abundant  in.  waters,  that  of  the  Beaver  Pond  de- 
pression supplying  a  mill  the  year  around.  These  copious 
waters  are  almost  whojly  subterranenn — whence  it  is  that  the 
deeper  pools  do  not  freeze  over  with  the  thermometer  at  0°  F. 

As  shown  on  the  map,  the  more  northern  of  the  two  depres- 
sions. Pine  Marsh  Creek,  comes  to  its  southern  end  abruptly  in 
the  plain  southwest  of  Mill  Rock;  while  the  other,  the  Beaver 
Pond  depression,  begins  almost  as  abruptly  just  west  of  this 
place;  the  terr:ace- plain  between  them  is  for  the  most  part  at  its 
normal  height. 

The  depth  through  the  peat  to  hard  bottom  is  another  sin- 
gular feature.  In  a  recent  survey  of  the  Beaver  Pond  Mead- 
ows, by  Mr.  Sylvanus  Butler,  under  the  direction  of  the  city  of 
New  Haven,  the  depth  through  the  peat  to  firm  gravelly  bot- 
tom was  found,  at  one  place  just  northeast  of  the  outlet,  to  be 
52  feet,  which  is  25  feet  below  the  level  of  mean  tide.  The  sound- 
ings were  made  along  the  water-course,  which  is  not  in  all  parts 
the  line  of  greatest  depth.  A  little  outside  of  it,  and  nearly 
a  third  of  a  mile  south  of  the  above-mentioned  place,  other 
soundings  of  48  to  52  feet  were  obtained. 

No  borings  have  been  made  through  the  bottom  gravel  to 
ihe  underlying  sandstone,  and  hence  the  actual  depth  of  the 
trough  to  solid  rock  is  unknown  ;  we  know  only,  from  the  fact 
just  stated,  that  it  is  more  than  25  feet  below  mean  tide.  From 
this  it  appears  to  be  certain  that  the  Beaver  Pond  channel  is 
not  simply  a  depression  in  the   plain   or  the  terrace  deposits  ; 

•The  Beaver  Pond  depression  terminates  southward  near  the  junction  of  Goffe 
and  Crescent  streets,  and  extends  northward  along  the  west  side  of  Crescent 
street.  The  Pine  Marsh  depression  has  its  southern  termination  near  the  extrtm- 
ity  of  Shelton  Avenue,  north  of  Morse  street. 
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on  the  contrary  it  covers  probably  an  excavation  in  the  subja- 
cent sandstone.  On  the  western  margin  of  the  depression,  rise 
the  low  *'  Beaver  Hills,"  and  these  are  sandstone  hills  with  a 
thin  covering  of  unstratified  drift  These  hills  (see  map)  have 
the  trend  of  other  sandstone  hills  of  the  region  whose  outline 
was  plainly  determined  by  the  direction  of  movement  of  the 
ploughing  glacier.* 

No  similar  soundings  have  yet  been  made  in  the  Pine  Marsh 
depression.  But  the  fact  that  the  waters  are  subterranean,  and 
its  close  resemblance  to  the  Beaver  Pond  depression  in  all  its 
features,  are  favorable  to  the  conclusion  that  the  two  are  alike 
in  depth  of  excavation  and  of  one  mode  of  origin. 

As  to  origin^  we  have  the  following  basis  for  a  conclusion : 

1.  The  resemblance  in  each  to  the  channel  of  a  great  river, 
both  in  width  and  in  steep  terrace-fronts. 

2.  The  depth  of  the  trough  : — that  of  the  Beaver  Meadows 
extending  much  below  the  sea  level,  as  if  channeled  out  of  the 
New  Haven  sandstone  region  by  the  glacier. 

3.  The  fact  that  the  Pine  Marsh  depression  or  channel-way, 
and  Mill  River  valley  for  three  miles  next  north,  have  approx- 
imately the  same  compass  course,  coincident  with  the  glacier 
flow,  making  them  one  channel-way;  and  that  this  channel- 
way  points  directly  through  the  open  center  of  the  New  Haven 
region  (between  Pine  and  Mill  Rocks)  nearly  toward  thp  head 
of  the  bay  (which  bay  it  is  to  be  noted,  is  the  termination  of 
the  Connecticut  river  valley  or  trough);  while  the  course  of 
Mill  River  helow  the  junction  with  Pine  Marsh  Creek  makes  an 
angle  of. 40  degrees  witii  that  of  the  glacier-flow,  and  passes 
through  a  narrow  gap,  in  trap,  at  Whitney ville. 

Objections  to  the  conclusion  here  indicated  are  apparent  (1) 
in  the  abrupt  southern  termination  of  the  Pine  Marsh  depres- 
sion, and  (2)  the  isolation  of  the  Beaver  Pond  depression. 

Before  considering  further  this  question  of  origin,  the  facts 
respecting  the  **  Kettle-holes"  need  to  be  surveyed. 

4.  Ihe  Positions  and  Characteristics  of  tlit  Kettle  Holes, — The 
kettle  holes  are  nearly  seventy  in  number.  Of  these,  (1)  twenty 
are  situated  on  or  near  the  borders  of  the  Beaver  Pond  depres- 
sion ;  (2)  thirty^  by  the  Pine  Marsh  depression ;  and  (8)  seven- 
teen at  Augurville,  near  the  junction  of  Sluice-way  Brook  with 
Mill  River.     The  map  Plate  II  shows  their  positions. 

All  occur  in  the  stratified  drift ;  that  is,  the  well-bedded  mate- 
rial of  I  he  New  Haven  plain,  or  that  of  the  terrace-formation, 
gravel-made  and  sand-made  portions  irrespectively,  away  from 
all  unstratified  material,  or  till.  This  formation  in  their  vicinity 
has  \\j»  usual  horizontal  bedding  and  flow-and-plunge  structure. 
Whether  the  horizontal  feature  usually  extends  quite  to  the 
edge  of  the  kettle-hole  has  not  been  ascertained,  because  of 
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the  want  of  exposed  sections.  In  a  section  of  one  near  Pine 
Varsb  Creek,  made  in  laying  out  a  new  track  for  a  railroad, 
an  upper  layer  of  the  terrace  formation,  about  6  to  8  feet  in 
thickness,  followed  down  the  steep  slope  of  the  depression  con- 
formably to  its  surface  ;  but  this  single  case  is  not  sufficient  for 
toy  general  eonclusion ;  it  may  bave  been  due  to  a  slide, 
though  not  looking  like  it. 

The  kettle-holes  are  usually  isolated ;  the  coalescence  of  two 
or  three  in  a  single  oblong  or  irregularly  shaped  depression  is 
also  common.  They  vary  in  diameter  from  100  feet  to  more 
than  500  feet,  and  in  depth  from  15  feet  to  50.  The  sides  have 
the  same  slope  as  the  terrace  fronts  along  the  river-channels,  or 
generally  80°  to  38°.  They  are  often  dry  (if  shallow),  but 
generally  are  marshy  at  bottom,  and  not  un frequently  contain 
a  pond  of  water. 

The  distribution,  sizes,  forms,  positions,  and  relations  to  the 
Beaver  Pond  and  Pine  Marsh  aepressions  of  the  kettle-holes 
are  so  clearly  exhibited  on  the  accompanying  map  (Plate  II) 
that  detailed  descriptions  are  not  necessary.  It  is  seen  that 
the  most  of  them  range  along  parallel  with  these  depressions. 
On  the  west  side  of  the  Beaver  Pond  depression  the  holes  are 

nin  coalescing  groups  of  two  to  four  ranging  parallel  with 
3pression,  or  oblong  in  the  same  direction.  On  the  east 
side  are  other  oblong  holes  which  are  transverse  in  direction 
instead  of  parallel,  yet  still  have  an  undoubted  relation  in  posi- 
tion to  the  great  depression. 

The  cluster  of  kettle-holes  near  Augurville  (see  map,  Plate 
II),  at  the  junction  of  Sluice-way  Brook  with  Mill  River,  is 
peculiar  in  its  position.  A  map  of  the  region  on  a  larger  scale  (5 
inches  to  the  mile)  is  here  introduced  to  show  better  their  forms 
and  their  position  in  relation  to  the  two  streams.  The  map  is 
from  the  Coast  Survey  chart  and  gives  its  contour  lines.  The 
kettle-holes  vary  from  small  circular  shallow  bowls  to  large 
irregular  depressions  having  a  marsh  at  bottom  which  is  45  feet 
below  the  surface  and  on  a  level  with  the  water  in  the  river. 
*  As  the  contour-lines  show,  they  do  not  connect  directly  with 
the  Mill  Eiver  Channel.  The  contour  line  of  88  feet  occurs 
among  them  i\s  well  as  on  the  western  border,  and  that  of  63 
between  them  and  Mill  River. 

Sluice-way  Brook  is  the  modern  representative  of  the  stream 
that,  in  the  time  of  the  glacial  flood,  came  down  from  the  Mt. 
Carrael  gap  (see  map,  Plate  I),  and  had  its  chief  source  in  the 
waters  above  the  ice-dam  throuorh  the  sluice- wav  at  its  western 
end,  as  described  in  volume  xxv  of  this  Journal  (1883).  The 
sluice- way  waters,  after  passing  the  barrier  of  trap  at  the  dam, 
flowed  southward  (as  has  been  described)  in  a  channel,  25 
or  30  feet  wide,  worn  by  the  waters  out  of  the  red  sandstone, 
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and  then — re-enforced  by  tributaries  from  high  hilla  to  the 
nortbwest — followed  the  valley  of  the  existing  brook  for  three 
miles  before  reaching  Mill  River  at  Augurville.  The  descent  in 
this  distance  is  26  feet  a  mile,  while  that  of  Hill  River  from 
the  dam  to  the  same  point  was  only  10  feet  a  mile.     The  two 
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flooded  streams  came  together  with  velocities  corresponding  to 
these  different  slopes ;  and  the  coarse  gravel  deposits  at  the  place 
of  junction,  some  of  the  stones  a  foot  or  more  iu  diameter,  are 
evidence  of  the  violence  of  the  sluice-way  torrent. 

4.  FtKti  bearing  on  the  Origin  of  Ihe  Keltle-hoies  and  the  long 
c/iannel-liJi-e  depressions. 

1.  The  relntions  between  the  kettle-boles  and  the  Beaver 
Pond  and  Pine  Marsh  depressions,  above  pointed  out  (as  ex- 
hibited on  the  map),  make  it  almost  certain  that  there  was 
oommunity  in  origin  for  the  two  if  not  unity  in  method  of 
origin. 

2.  This  communitv  of  origin  as  regards  the  two  great  depres- 
sions was,  with  hardly  a  doubt,  unity  in  origin  and  meinod. 
For  they  are  partially  connected  by  outreaching  arms  and 
kettle-holes.  From  the  southwest  angle  of  the  northern  or  Pine 
Marsh  depressions  un  arm  extends  out  iceslicard,  and  at  the  end    , 
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of  the  arm  there  is  a  large  and  deep  kettJe-hole  coDtinuine  the 
line  toward  the  Beaver  Pond  depression.  Farther,  the  Tatter 
depression  just  southwest  stretches  out  two  long  arms  eastward^ 
saggesting  former  junction.  A  dozen  other  kettle-holes  lie  to 
the. south  and  southwest  of  the  Pine  Marsh  depression;  and 
other  arms  extend  toward  them  from  the  Beaver  Pond  area. 
Although  the  plain  around  has  the  normal  height  (as  the  map 
shows)  the  arms  and  kettle-holes  look  exceedingly  (more  so  in 
the  field  than  on  the  map^  as  if  a  former  channel  had  existed 
and  had  become  mostly  ooliterated  by  sand  and  gravel  deposits. 

3,  A  former  union  of  Pine  Marsh  channel  wi^i  the  Beaver 
Pond  channel  almost  necessarily  implies  a  continuation  of  the- 
cbannel  to  the  head  of  the  bay;  and  such  a  continuation  is 
plainly  indicated  by  the  ranges  of  arms  and  kettle-holes  ex- 
tending from  the  southeastern  portion  of  the  latter  channel 
toward  and  into  the  Mist  Greek  channel  (see  map).  The  arms 
leading  from  the  depression  are  in  fact  kettle-holes  partially 
coalescing  with  it;  and  the  kettle-holes  make  two  almost  con- 
tinuous arm-like  channels  extending  into  the  creek  valley.''^ 
The  southern  of  the  two  lines  is  over  1,000  feet  long.  Again, 
farther  south,  near  the  south  end  of  the  Beaver  Pond  depres- 
sion, still  another  line  about  2,000  feet  long,  consisting  of  two 
kettle-holes  (one  500  feet  'in  diameter  with  iformerly  a  pond  at 
bottom)  and  a  long  depression,f  make  another  connection  with 
the  Bast  Creek  channel.  A  boring  in  this  channel,  f  m.  from 
Hit  bay,  descended  40  fset  hehw  mean  tide  before  reaching  rock, 

A  connection  of  the  Beaver  Pond  depression  with  West 
Creek  can  not  be  so  clearly  made  out,  and  yet  it  has  facts  in  its 
favor.  East  of  south  from  the  south  point  of  the  depression, 
separated  by  a  low  neck,  lies  a  large  (500-foot)  marsh-contain- 
ing kettle-hole.J  In  the  same  south-by-east  direction,  2,000 
feet  away,  commences  the  West  Creek  channel,  which  soon 
becomes  700  (eet  wide  with  a  steep  terrace-front  on  either  side. 
The  size  of  such  a  channel- way  is  out  of  all  proportion  to  its 
mile-long  stream;  but  it  is  well  explained  if  there  were  once 
a  connection  with  the  Beaver  Pond  channel  to  the  north  of  it. 

4.  The  conclusion  seems  to  be  inevitable  in  view  of  all  the 
facts  just  stated  (including  those  before  adduced,  as  to  the 
depth  of  the  Beaver  Pond  trough  and  the  conformity  of  the 
Pine  Marsh  depression  and  Mill  River  north  of  it  in  course  to 
the  direction  of  glacier  movement)  that  the  two  now  isolated 
depressions  are  dissevered  parts  of  the  deep  Mill  River  channel 
of  ihe  Glacial    era  ;    that   East  Creek  and   West  Creek  are 

*  MoDBon  street  runs  between  the  iwo  ranges  of  kettle-holes. 

!This  depression  is  just  south  of  Webster  street. 
Wert  of  Goffe  street,  opposite  the  bell-tower  square.     It  is  much  shallowed 
bjdty  grading  and  will  soon,  like  others,  disappear. 
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within  the  boundaries  of  the  same  great  channel  as.it  passed 
into  the  greater  channel  of  the  bay  ;  and  that  this  broad  Mill 
Biver  channel  of  the  Glacial  era  through  the  soft  sandstone 
was  deepened  at  that  time,  if  not  made,  by  the  excavating 
action  or  the  ice  and  running  water.  The  phenomenon  is  one 
now  known  to  have  been  a  common  result  of  the  glacier  flood, 
in  which  a  stream  had  its  Glacial-era  channel  partly  obliterated 
by  the  depositions  from  the  waters  as  the  flood  from  the  melt- 
ing made  progre<*s.  The  deposits  appear  to  have  early  blocked 
the  channel,  even  before  hali-flood  was  reached,  and  thus  forced 
Mill  Biver  to  take  its  present  coursa  It  is  probable  that  a 
diminished  slope  in  the  land  aided  the  depositions  in  checking  . 
the  stream. 

The  origin  of  the  great  depressions  is  thus  traced  to  exca- 
vating-work  in  the  Glacial  era  and  subsequent  depositions  of 
drift  material.  They  are  the  unfilled  portions  of  the  old  chan- 
nel, and  were  left  unfilled,  while  deposition  was  going  on  so 
freely,  because  of  the  depth  of  the  excavation,  or,  for  parts  of 
them,  because  of  the  position  with  reference  to  the  main  cur- 
rent The  waters  of  the  rising  flood  made  a  new  exit  for  each 
of  them,  the  Beaver  Pond  depression  having  opened  a  western 
outlet  to  West  Biver,  and  the  Pine-Marsh  depression  taken 
its  northern  extremity  for  discharge*into  Mill  Biver.  The  dis- 
charge of  the  Beaver  Pond  waters  was  of  long  continuance, 
and  held  on  through  the  era  of  maximum  flood  ;  for  the  depos- 
its of  the  terrace  adjoining  the  exit  channel  are  of  very  coarse 
gravel,  while  elsewhere  about  the  depression  they  are  of  fine 
gravel  or  sand. 

The  mean  width  of  the  Pine  Marsh  and  Beaver  Pond  depres- 
sions has  been  stated  to  be  1000  feet.  But  the  actual  width  in 
some  parts  is  2000  to  3000  feet ;  and  as  these  depressions  are 
only  what  was  left  after  the  burial,  the  mean  breadth  was 
probably  near  the  present  extreme  breadth,  or  at  least  Haifa 
mile  ;  and  this  comports  with  the  supposed  size  of  the  stream. 
The  connecting  lines  between  the  Beaver  Pond  depression  and 
East  Creek  are  half  a  mile  apart,  and  they  may  be  the  outer 
portions  of  the  one  broad  channel  half  a  mile  wide.  East  and 
West  Creeks  are  only  two-thirds  of  a  mile  apart;  and  these 
may  have  been  the  sides  of  the  channel  at  its  mouth,  for  the 
channel  would  not  there  have  been  narrower  but  rather  wider 
than  to  the  north. 

5.  The  origin  of  the  kettle-holes  remains  for  consideration. 
Their  situation  by  the  side  of  ihe  great  depressions,  sometimes 
in  lines  parallel  with  them,  and  their  lying  also  in  lines  more 
or  less  perfectly  connecting  the  two  depressions  with  one 
another  and  the  more  southern  with  West  Creek  channel, 
proves  that  they  originated  at  the  same  time  with  the  depres- 
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sions  and  under  similar  conditions.  But  was  it  by  the  same 
method  ? 

The  kettle-holes  cannot  be  attributed  to  the  removal  of 
an  underlying  stratum  of  clay  or  of  limestone,  for  we  have 
no  evidence  of  any  clay  vor  limestone  underneath.  Again,  it 
is  not  probable  that  sands  of  the  underlying  beHs  could  have 
been  carried  away  by  subterranean  drainage,  for  the  subterra- 
nean waters  of  the  region  are  those  within  the  terrace  forma- 
tion itself,  in  which  movement  is  necessarily  very  slow,  trans- 
Eortation  difficult,  and  the  determining  thus  of  isolated  kettle- 
oles  hardly  a  possibility  under  the  most  favoring  circumstances. 

Besides  these  explanations,  two  remain  for  consideration : 

(1)  That  they  are,  like  the  larger  depressions,  unfilled  por- 
tions of  the  old  and  deep  excavations  which  were  left  unfilled 
because  of  their  depth,  position,  and  the  current-action  in  the 
waters. 

(2)  That  they  are  the  sites  of  ice-masses  which  melted 
finally  only  after  the  terrace-formation  was  wholly  or  nearly 
completed,  and  which  hence  left  holes  where  they  lay.  This 
origin  of  kettle-holes  through  the  agency  of  ice-masses  was 
suggested  long  ago  by  Professor  Edward  Hitchcock.* 

The  theory  of  left  or  stranded  ice-masses  appears  to  apply  to 
some  cases ;  but  not  so  here,  for  the  following  reasons : 

In  the  New  Haven  region,  (1)  deposition  of  the  terrace- 
material  and  (2)  the  making  of  the  kettle-holes  must  have  gone 
on  together,  as  the  stratification  around  the  kettle-holes  shows  ; 
and  the  latter  were  formed  chiefly  along  either  border,  or  the 
course,  of  the  great  central  water-way,  and  that  part  of  the 
water-way  which  became  divided  by  obstructing  depositions. 
Consequently,  if  ice-masses  were  concerned,  they  were  stranded 
masses  from  the  river,  not  ice  left  in  place  by  the  retreating 
glacier.  Further,  since  these  holes  are  25  to  50  feet  or  more 
deep,  the  ice-masses  must  have  been  in  place  in  the  early  part 
of  the  flood  and  have  projected  high  above  the  waters  during 
its  whole  progress. 

Some  of  the  difficulties  are  thence  the  following  : 

(1)  In  the  early  part  of  the  flood  (when  only  finer  sand 
deposits  of  the  terrace  formation  were  in  progress),  there  is  no 
reason  to  believe  that  water  enough  existed  in  the  stream  to 
have  floated  masses  100  to  500  feet  or  more  in  diameter  and  50 
feet  or  more  thick ;  for  50  feet  of  depth,  at  least,  would  have 
been  required.  The  above  are  minimum  numbers  as  no  allow- 
ance is  made  for  waste  by  melting. 

(2)  The  waters  which  flowed  by  the  stranded  masses  through 
the  progress  of  the  flood,  deposited  in  their  close  vicinity  beds 
of  sand  and  gravel  having  the  flow-and-plunge  structure,  and 

*  Report  on  the  Geology  of  Massachusetts,  4to,  1841,  ii,  370. 
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in  some  parts  beds  of  the  coarsest  gravel;  they  were  hence 
rapid  and  plunging  waters,  and  the  stranded  ice-masses  where 
exposed  to  them  could  not  have  remained  long  unmelted. 

(3)  The  latter  half  of  the  era  of  the  terrace  depositions  was 
that  of  the  closing  part  of  the  melting,  and  therefore  not  the 
era  of  glacial  cold,  but  one  of  milder  airs,  such  as  predominated 
in  the  Champlain  period;  and  hence  the  winds  would  have 
helped  in  the  dissipation  of  the  ice. 

The  other  explanation,  also^that  the  holes  are  places  un- 
filled by  depositions  because  of  their  depth  and  for  the  other 
reasons  mentioned — has  apparently  its  dimcultiea  It  is  a  mat- 
ter for  surprise  that  where  so  great  depositions  were  in  progress 
so  many  holes  of  the  kind  should  have  been  left  in  the  plain; 
and  also  that  the  terrace-formation  should  have  been  so  gen- 
erally built  up  to  full  normal  height  quite  to  their  margins. 

Such  results  lose  some  of  their  seeming  improbability  when 
the  process  of  deposition  is  fully  considered ;  that 

(1)  The  shallowest  part  of  a  water-way,  as  its  reefs  or  bars, 
are  most  likely  to  take  the  depositions  because  they  occasion 
by  friction  lessened  velocity  ana  transporting  power ;  and  hence 
the  deeper  parts  do  not  generally  lose  in  depth  by  deposits,  but 
become  narrowed  by  the  down-stream  extension  of  the  sand- 
reefs,  and  deepened  also  owing  to  increase  of  velocity  in  the 
narrowed  passages;  (2)  that  consequently,  in  a  great  flood, 
if  the  amount  of  transported  material  is  large,  almost  as  much 
as  the  waters  under  the  rate  of  flow  could  carry — as  was  the 
fact  during  the  flood  from  the  melting  glacier — the  reefs,  or 
the  flood -grounds,  would  be  built  up  rapidly  toward  flood-level 
through  the  abundant  deposits,  and  become  extended  at  flood- 
level  height  in  the  direction  of  the  flow,  and  thus  the  shal- 
lowest parts  over  these  grounds  might  or  would  have  taken 
the  larger  part  of  the  depositions ;  (8)  that  when  an  isolated 
depression  was  encountered,  the  waters  would  have  taken  often 
some  rotary  movement,  which  would  have  promoted  abrasion 
and  removal,  and  caused  deposition  outside  instead  of  inside. 

The  writer,  while  admitting  the  sources  of  doubt,  inclines  to 
adopt  the  latter  explanation  of  the  New  Haven  kettle-holes 
rather  than  the  former  for  the  reasons  already  stated. 

(1)  At  the  time  of  the  supposed  stranding,  the  ice-masses 
could  not  have  had  water  enough  to  float  to  their  places. 

(2)  Under  the  conditions  that  existed  during  the  flood,  the 
isolated  ice-masses  could  not  have  lasted  long  enough,  or  a 
hundredth  part  of  the  time,  necessary  to  keep  the  spaces  open. 

(3)  The  intirfiate  and  systematic  association  of  the  kettle- 
hnles  with  the  great  Pine  Marsh  and  Beaver  Pond  depressions 
And  East  Creek  appears  to  put  all  into  one  category  as  to 
method,  as  well  as  community,  of  origin. 
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The  cluster  of  kettle- holes  at  the  mouth  of  Sluice-way  Brook 
may  be  looked  upon  as  a  case  similar  to  those  of  the  great  de- 

tressions  just  mentioned.     For  the  larse  irregularly-outlined 
ettle-holes  making  the  center  are  much  like  a  small  example 
of  a  Pine- Marsh  depression  with  kettle-holes  bordering  it.     It 
is  probable  that  in  the  Glacial  era  the  course  of   Mill  River 
from  Oenterville  southward  was  a  straight  one  right  through  the 
deep  kettle-hole  area,  where  the  violent  waters  of  Sluice-way 
brook  struck  (see  map) ;  and  that  the  eastward  bow-shaped 
bend  of  the  present  stream  at  Augurville,  was  a  consequence 
of  the  depositions  of  drift,  which  forced  the  Mill  River  chan- 
nel to  a  more  eastward  position. 

Conclusion. 

The  history  of  the  New  Haven  region  during  the  Glacial 
era  probably  included  the  deepening  if  not  the  excavation,  by 
ice  and  water,  of  a  wide  channel  passing  through  the  center 
of  the  r^on  from  Centerville  to  the  head  of  the  bay — the 
Mill  River  channel.  The  moving  glacier  had  to  rise  over  the 
tnp  ridges,  Mill  Bock  and  Pine  Kock,  ntanding  on  either  side 
of  the  passage,  and  may  have  ploughed  all  the  deeper  into  the 
sandstone  region  between  them. 

At  the  b^inning  of  the  Champlain  period — dating  it  from 
thebeginning  of  the  northern  subsidence  of  the  land  (actual  or 
relative)  that  characterized  it,  which  was  followed  by  the  melt- 
ing—the river  commenced  its  increase  in  waters  and  transpor- 
tation. But  the  progressing  subsidence  just  referred  to  tended 
to  cause  diminished  velocity,  which,  there  is  reason  to  believe, 
the  increasing  depth  of  water  hardly  balanced;  and  hence  the 
channel,  as  it  widened  southward  (below  the  mouth  of  Pine 
Marsh  Creek),  became  obstructed  in  places  by  sand-bars;  and 
these  increased  as  the  flood  made  progress,  and  coalesced  into 
the  wide  terrace  formation — that  of  the  New  Haven  plain, 
l  Mill  River  in  this  way  was  early  shut  off  from  its  central  way 
t  to  the  bay  by  the  depositions  of  the  plain,  only  fragments  of 
which  survive  in  the  Beaver  Pond  and  Pine  Marsh  depres- 
sions. 

A  westward  set  in  the  water  and  its  depositions  would  have 
resulted  from  the  earth's  rotation,  and  either  through  this 
means  or  some  other  the  river  was  forced  to  take  its  present 
eastward  channel  against  the  sandstone  hills  of  the  *^Quinni- 
piac"Ridg&  The  Beaver  Pond  and  Pine  Marsh  depressions, 
after  their  isolation,  continued  to  be  filled  full  with  waters 
from  the  flood  until  maximum  flood  was  reached,  and  they 
remained  deep  depressions,  but  shallowed  in  part  by  sands, 
becaose  of  the  river-like  discharge  of  their,  waters,  one  into 
We^t  River,  the  other  into  Mill  River.  These  depressions  and 
the  kettle-holes  were  one  in  origin  and  history. 
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Note  on  the  Glacial  flood  of  the  Connecticut  River  Valley. 

As  the  explanations  given  in  my  paper  on  the  Connecticat  vs 
ley  terraces*  have  been  imperfectly  understood,  I  add  here  a  fe 
words  on  the  subject.  Professor  C.  H.  Hitchcock,  in  a  paper  rei 
before  the  American  Association  in  1882  (Proc.  Am.  Asaoo., 
325),  after  accepting  the  distinction  adopted  by  Mr.  Warn 
Upham  between  "  delta-terraces"  and  "  hignest  normal  terraces 
and  objecting  to  taking  the  so-called  "  delta-terraces"  as  the  no 
mal  highest,  as  done  for  many  localities  by  me,  remarks  that  ^ 
we  are  not  required  to  accept  the  deltas  as  a  measuring  rod,  v 
shall  greatly  reduce  the  depth  of  the  stream  and  thus  learn  wh 
the  velocity  as  calculated  by  Dana  was  far  too  great." 

No  calculations  of  the  velocity  corresponding  to  the  reduce 
depth  are  given. 

In  my  paper  I  state  that  one  prominent  purpose  before  me  in  m 
investigations  was  to  ascertain  whether  the  so-called  delta-terrace 
were  true  Connecticut  valley  terraces  or  not ;  and  the  concltuio 
reached  was  that  the  most  of  them  so  directly  border  the  Conoeci 
icut  valley  and  for  so  long  distances  (some  of  them  for  miles)  tha 
they  could  not  have  been  deposited  at  the  delta  level  unless  th 
Connecticut  river  waters  were  at  that  level  to  transport  and  d€ 
posit.  The  tnbutary  and  the  main  stream  must  have  risen  in  leve 
together^  as  in  all  other  floods,  and  I  found  that  the  so-callec 
delta-terraces  were,  in  general,  the  sand  and  gravel  of  the  tribu 
tary  deposited  and  arranged  in  beds  by  the  on-iiowing  Connecti- 
cut. Tiie  flood-level  deposits  now  made  on  the  sides  of  a  river 
where  it  receives  one  of  its  larger  tributaries  are  evidently  as 
much  delta  deposits  as  those  made  dunng  the  progress  of  the 

flacial  flood ;  and  yet  they  rise  but  little,  where  at  all,  above  the 
ood  plain  of  the  main  stream,  and  have  no  claim  to  so  distincti?e 
a  name. 

Again,  if  the  level  of  the  **  highest  normal  terraces"  of  Upham 
are  taken  as  marking  flood-level,  they  indicate  an  impossible  water- 
surface  for  the  river,  since  the  heights  given  vary  greatly  in  a  few 
miles. 

At  Bamet,  the  height  of  the  "  highest  normal,"  as  reported  by 
Mr.  Upham,  is  166  feet  above  the  Connecticut  at  low  water;  10 
miles  uelow,  it  is  liy  to  123  feet  (while  the  mean  pitch  in  the 
modern  stream  in  this  distance  is  4^  feet  a  mile) ;  12  miles  farther 
south,  at  Bradford,  it  is  only  80  feet  (the  mean  pitch  in  the  river 
for  the  interval  being  Ij  feet  a  mile)  ;  9  miles  farther  south,  at  Ely, 
only  60  feet  (the  mean  pitch  here  being  1  foot  a  mile) ;  then,  only 
2\  miles  farther  south,  at  North  Thetford,  the  height  is  146  feet; 
and  farther  south,  170  to  180  feet  for  many  miles.  (The  "Delta- 
terraces"  are  in  part  still  higher). 

Thus,  within  33  miles,  the  following  variations  in  the  level  oi 
flood  waters  are  indicated,  if  we  take  Mr.  Upham's  "  highest  nor- 
mal terraces"  as  showing  the  water  mark:  166,  118,  80,  60  an^ 

*  This  Journal,  zxii,  451,  188],  xziii,  87,  179,  360,  xxiv,  98,  1882. 
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146  feet.    Such  variations  in  the  water  surface  of  a  flooded  stream 
in  an  open  valley  of  nearly  anif  orm  pitch  are  obviously  incompat- 
ible.    The  slopes  are  those  of  two  face-to-face  cataracts,  the  south- 
ern having  a  fall  northward  of  more  than  80  feet  a  mile.     Mr. 
XTpham  has  an  explanation  of  tliese  differences  as  to  level,  based 
on  the  assamption  that  the  glacier-mass  of  the  Connecticut  valley 
made  the  flood  and  the  terraces  south  of  it  pari  passu  with  its 
retreat  northward,  he  holding  that  it  was  a  retreating  ice-barrier 
retreating  through  melting,  and  thus  keeping  the  flood  up  to  flood- 
level  soath  of  it.     This  hypothesis  (which  has  obvious  objections, 
u  I  have  shown)  is  not  adopted  or  mentioned  by  Prof.  Hitchcock. 

Note  on  the  two  courses  of  the  Glacier  over  the  Connecticut 

River  Valley, 

The  courses  of  flow  in  the  glacier — that  of  the  general  mass  and 
that  of  the  valley — have  been  made  out  by  me  to  be  simultaneous 
on  the  theoretical  ground  that  the  flow  in  tlie  direction  of  the 
valley — west-of-south — would  have  necessarily  been  most  rapid, 
SQpposing  the  slope  of  the  land  the  same,  when  the  ice  of  the  valley 
tome  north  was  thickest ;  that  the  ice  would  have  been  thickest 
wheo  the  general  glacier-mass  was  thickest,  which  was  tiie  time 
when  the  soutJie^istward  movement  of  the  general  glacier,  or  that 
deteraiined  by  the  slope  of  the  upper  surface,  would  have  been  most 
rapid.  One  condition  would  thus  have  produced  the  two  results. 
Tiiisfact  of  two  movements  is  not  so  difficult  to  uiidci'stand  when 
it  is  considered  that  the  flowing  of  a  glacier,  however  to  be  ex- 
plained, is  like  that  of  a  viscid  liquid  over  an  uneven  grooved 
surface.  It  follows  from  the  coexistence  of  tiie  two  movements 
that  the  upper  stream  did  not  cause,  by  its  pressure  in  the  direc- 
tion of  motion,  so  much  friction  between  the  lower  ice  and  the 
east  side  of  the  Connecticut  valley,  or  between  itself  and  the 
bottom  ice,  as  to  prevent  the  valley  movement.  This  friction 
would  be  too.great  to  be  overcome  when  a  valley  was  narrow  and 
abrapt,  or  had  a  direction  approximately  transverse  to  that  of  the 
southeastward  flow  ;  neither  of  which  conditions  existed  in  the 
case  of  the  Connecticut  valley. 

One  fact  referred  to  in  my  paper  as  sustaining  the  theoretical 
conclusion  was  this:  that  variations  in  the  bottom  directions  of 
movement  (shown  by  the  glacier  scratches)  often  accompanied 
quite  small  changes  of  form  in  the  subjacent  surface,  and  various 
directions  occurred  within  short  distances.  It  is  exceedingly 
improbable  that  all  these  bottom  courses  should  have  existed  also 
in  the  ice  of  the  upper  surface. 

Another  fact  bearing  on  the  question  is  presented  by  the 
ohitnce  from  the  New  Haven  region  and  the  adjoining  part  of 
the  Connecticut  valley  (and  from  the  valley  north  through  the 
State  of  Connecticut)  of  all  traces  of  south-southeastward  gla- 
cier scratches,  and  of  underlying  drift  deposits  derived  from  the 
Dortb-north westward.  If  the  valley  movement  were  subsequent 
to  the  southeastward  flow  and  the  latter  had  gone  on  through 
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the  chief  part  of  the  Glacial  era,  the  earlier  drift,  or  that  from 
the  northwestward,  sliould  be  found  in  spots  somewhere  over  the 
bottom  of  the  valley,  beneath  the  valley  drift;  and  Boatheast- 
ward  scratches  as  well  as  drift.  But  none  such  occur.  The 
bowlders  of  the  upper  current,  or  those  from  the  northwestward, 
are  mingled  with  the  valley  till,  occurring  within  it,  and  on  top  of 
it.  All  evidence  opposes  the  idea  that  it  was  brought  in  before 
the  valley  movement  supplied  the  valley  drift ;  and  all  facts  ac5- 
cord  with  the  explanation  given  that  the  bowlders  of  the  upper 
glacier  current  sunk  into  the  lower  or  valley  current,  and  were 
deposited  by  the  latter.  Some  of  the  bowlders  taken  from  the 
region  west  of  the  valley  in  Massachusetts  were  carried  70  miles 
southward  without  going,  eastward  more  than  half  away  across 
the  valley,  or  about  ten  miles. 


Art.  XVIII. — Sup'phment  to  Paper  on  the  '^ Parainorphic  Origin 
of  the  Hornblende  of  the  Crystalline  Hocks  of  the  Aorthwestern 
imitates ;"  by  R  D.  Irving. 

In  my  paper  on  the  above  subject  in  the  July  number  of 
this  Journal  it  was  my  design  to  show  how  widespread  is  the 
alteration  of  augiie  to  hornblende  in  the  rocks  of  the  r^ion 
referred  to ;  so  widespread,  indeed,  that,  as  stated  therein, 
*^  after  an  examination  of  about  a  thousand  thin  sections,  rep- 
resenting the  crystalline  schists,  acid  eruptives  and  basic  erup- 
tives  of  a  region  some  400  miles  in  length  by  300  in  widtn, 
and  of  three  distinct  geological  systems,  I  have  found  no  horn- 
blende that  is  not  clearly,  or  very  probably,  secondary  to 
augite."  It  was  of  course  not  my  design  to  claim  the  first 
discovery  in  the  rocks  of  this  region  of  this  elsewhere  well 
known  form  of  alteration.  Such  a  claim  would  have  been 
manifestly  absurd.  As  far  as  concerns  all  the  different 
classes  of  rocks  mentioned  above  except  the  basic  eruptives, 
my  descriptions  and  those  of  my  assistant  Professor  C.  R. 
Vanhise  were  indeed  the  first  notice  for  this  region  of  such  a 
change,  so  far  as  I  am  aware;  but  in  the  basic  eruptives  of  the 
region  it  had  previously  been  repeatedly  noticed  by  several 
lithologists,  including  myself.  Since  the  matter  of  this  form 
of  alteration  is  not  unlikely  to  assume  some  considerable  im- 
portance, and  since  several  geologists  have  been  of  late  work- 
ing independently  on  the  rocks  of  this  region,  it  may  tend  to 
prevent  possible  future  misconceptions  if  I  give  a  brief  his- 
torical account  of  the  microscopic  work  hitherto  done,  and  the 
bearing  of  the  results  on  this  question.  This  historical  account 
was  omitted  from  my  paper,  Above  referred  to,  through  fear  of 
making  it  too  lengthy,  it  being  supposed  that  lithologists  would 
be  suflBciently  cognizant  of  the  facts. 
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The  earliest  microscopic  work  upon    the  cryHiuIIine  rocks 
of  the  northwest  that  I  have  learned  of  was  that  of  Mr.  C.  P]. 
Wright,  of  Marquette,  Mich. ;    indeed   his  work   was  among 
the  earliest  done  anywhere   in    the   country.      Ho   published 
in  1873,   in    the   second   volume  of  the  Report  of  the   Geo- 
logical Survey  of   Michigan/  descriptions   of  78   sections  of 
rocks  of  the  Marquette  Iron-Bearing  Series,  including  a  num- 
ber of  massive  and  schistose  greenstones,  to  most  of  which  the 
names  of  "diorite'*  and  "  diorite-schist"  are  given,  though  one 
19  doubtfully  referred  to  diabase.'     But  these  descriptions  are 
very  meagre,  being  barely  more  than  macroscopic ;  and,  hav- 
ing been   made  at  a  very  early  day,  when   the  microscopic 
characters  of  the  rock-forming  minerals  were  much  less  well 
known  than  now,  they  have  little  present  value. 

In  1877,  A.  Strong  published  a  description  of  a  number  of 
crystalline  rocks  from  Minnesota,  among  them  several  augitic 
greenstones  from  the  Keweenawan  and  older  formations.  The 
pbbro  from  Duluth,  Minnesota,  he  describes  as  **  hornhlende- 
gabbro,"  it  containing  hornblende  in  addition  to  the  augitic 
ingredient,  though  he  does  not  regard  the  hornblende  as  sec- 
ondary in  nature,  which  I  think  it  undoubtedly  is.' 

In  tiio  same  year  Mr.  C.  E.  Wright  published  (leseriptions  of 
37  rocks  from  Central  Wisconsin.*  A  nucuber  of  hornblendic 
schists  are  here  included,  but  no  mention  is  made  of  any 
augite,  although  several  of  these  same  rocks  were  subsequently 
found  to  carry  it  as  cores  to  the  hornblende  individuals. 

Next  in  point  of  time  should  be  placed  the  admirable  paper 
of  Dr.  Wichmann,  which,  though  not  published  until  early  in 
1880,  left  the  author's  hands  as  early  as  1876.*  It  is  a  syste- 
matic treatise  on  the  lithology  of  the  Huronian  of  the  Mar- 
quette and  Menominee  regions  of  Michigan  and  Wisconsin, 
and  is  baaed  upon  the  examination  of  some  500  thin  sections, 
and  several  times  that  number  of  hand  specimens,  collected  by 
Major  T.  B.  Brooks,  all  of  whose  collection  Dr.  Wichmann 
saw,  though  he  never  examined  these  rocks  in  the  field.  It  is 
the  only  systematic  treatise  yet  published  upon  the  lithology 
of  this  formation,  and  is  one  which  will  long  be  a  standard, 
even  though  the  science  has  advanced  beyond  it  in  some  re- 
siects.  Besides  bringing  out  many  other  interesting  points, 
Wichmann  shows  for  the  first  time  that  the  greenstones  of  the 
formation  are  nearly  altogether  diabase  (using  the  Eosenbusch 
noraenclature\  contrary  to  the  previously  received  views,  and 
in  some  of  these  he  shows  that  there  occurs  a  uralitic  altera- 

\         » pp.  213-231.  «p.  221. 

1  Leonhard'fl  Jabrbucb,  1877,  p.  113;  also  K.  PumpcUy,  Geology  of  Wisconsin, 
ToL  Bi,  p.  35. 
•Geology  of  Wisconsin,  vol.  ii,  pp.  637-642. 
*  Geology  of  Wisconsin,  voL  iii,  pp.  600-656. 
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tion  to  the  augite.*  He  also  shows  that  there  are  transition 
forms  between  the  relatively  rare  diorites  and  the  diabases,' 
though  he  does  not  express  the  opinion  that  the  former  are 
altered  from  the  latter.  He  also  shows  that  the  microacopic 
characters  of  these  greenstones  indicate  plainly  their  eruptive 
origin,'  thus  confirming  the  early  views  held  by  Foster  and 
Whitney  and  numerous  others,  as  against  the  later  views  of 
Kimball,  Brooks,  et  al. 

In  1878  appeared  Professor  Pumpelly's  **  Metasomatio  De- 
velopment of  the  Copj:)er-Bt*aring  Rocks  of  Lake  Superior/**  a 
masterly  account  of  the  augitic  greenstones  of  the  Keweenawmn 
series,  and  of  the  metasomatic  changes  they  have  undergone. 
In  this  account  the  nature  of  the  Keweenawan  traps  and  amyg- 
daloids  was  first  shown,  hut  no  hornblende-bearing  varieties 
are  mentioned. 

Besides  Wichrannn,  already  mentioned,  several  other  litholo- 
gists  give  descriptions  in  the  third  volume  of  the  Geology  of 
Wisconsin,  their  work  having  mostly  been  done  between  1876 
and  1878.  Pumpelly,  whose  manuscript  left  him  in  1878,  de- 
scribes a  number  of  sections  from  the  copper  series  of  Northern 
Wisconsin,"  among  them  several  uralitic  gabbros,"  in  which 
the  hornblende  constituent  has  resulted  from  the  change  of 
diallage  to  augite.  Pumpelly's  sections  and  manuscript  de- 
scriptions were  in  my  hands  in  lb78,  and  through  them  I  first 
became  acquainted  with  this  form  of  alteration.  In  Part  III  of 
this  volume"  I  myself  give  briefly,  the  descriptions  having 
been  written  in  1878-79,  the  results  of  a  study  of  some  200 
thin  sections  from  the  Laurentian,  Huronian  and  Keweenawan 
of  Northern  Wisconsin,  among  them  a  considerable  number  of 
sections  of  hornblendic  or  uralitic  gabbros"  in  addition  to 
those  described  by  Pumpelly.  Orie  of  the  latter  besides  sev- 
eral others  are  figured  on  the  colored  plates."  I  also  describe  a 
peculiar  ^'reeristone  carrying  **  basaltic"  hornblende  and  argue 
that  the  hornblende  in  it  also  is  secondary  to  augite  and  show 
that  in  all  the  Keweenawan  greenstones  carrying  hornblende, 
and  then  examined,  that  mineral  is  secondary  to  augite.  In 
Part  III,  Appendix  B,  A.  A.  Julien  gives  descriptions  of 
eleven  rocks,  among  them  some  hornblendic  greenstones  from 
the  Huronian  of  the  Penokee  region,  but  evidence  of  the  sec- 
ondary origin  of  the  hornblende  was  not  found  in  his  sections, 
though  it  is  evident  now  thai  these  too  are  uralitic. 

In  Parts  IV  and  VIII  of  the  same  volume  Mr.  C.  E. 
Wright  deseribes  a  large  number  of  sections  from  the  Huro- 
nian of  the  Penokee  and  Menominee  regions,  but  although  he 

•  pp.  607,  627,  628.  '  p.  624.  *  p.  627. 

•  Proc.  Am.  Acad.  Sci.,  vol.  xiii,  pp.  253,  309.       '«  pp.  30-49.      »>  pp.  36,  36. 
'*  pp.  53-238.  "pp.  170,  171,  179,  180,  181,  182,  183. 

"  Plate  XVb,  fig.  1,  and  Plate  XVc,  figa.  4,  6,  6. 
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ocasionally  notices'*  the  occurrence  of  augite  in  the  green- 
loneci,  be  stil]  regards  them  as  mainly  diorites,  even  speaking 
f  one  case  from  the  Menominee  region  as  the  only  instance 
{  diabase  in  the  Haronian  then  known  to  him/*  Of  the 
ithers  who  give  descriptions  of  the  Marquette  and  Menominee 
ocks  in  this  volume  Alport,  Hawes,  Julien,  Ruiley  and  Torne- 
)ohm,  the  last  named  only,  so  far  as  I  have  found,  describes 
my  of  the  secondary  hornblende ;  but  the  exception  is  an 
mportant  one,  since  he  says  of  the  hornblendic  rock  of  Light 
House  Point  that  it  is  ^*no  true  diorite,  since  it  contains  re- 
mains of  augite."  The  others,  however,  confirm  Wichmann 
in  saying  that  diabase  is  widely  represented  in  the  Marquette 
and  Menominee  Huronian,*'  and  Hawes  says  that  to  judge  from 
the  sections  some  of  the  diabases  are  eruptive/*  Brooks  also 
says  of  the  greenstones  of  these  regions  that  the  hornblendic 
and  augitic  varieties  *' appear  to  graduate  into  each  other,  but 
whether  through  alteration  or  original  differences  in  composi- 
tion, cannot  always  be  ascertained."  *'     . 

Three  months  after  the  publication  of  the  third  volume  of 
the  Geology  of  Wisconsin  appeared  Mr,  M.  E.  Wadsworth's 
"Notes  on  the  Iron  and  Copper  Districts  of  Lake  Superior."" 
In  these  he  gives  the  general  results  of  the  examination  of  a 
large  number  of  thin  sections.  So  far  as  the  Copper  Series  is 
ooncerned  his  only  new  lithological  work  is  in  connection  \yith 
the  pebbles  of  the  Keweenawan  conglomerates, — which  had 
before  been  described  macroscopically  only,  though  correctly, 
by  Pumpelly  and  Marvine — in  which   he  shows  the  frequent 

Eresence  of  the  peculiar  ** quartz  de  corrosiorj"  described  by 
ouqu^  and  L^vy,  he  regarding  them  as  old  trachytes  and 
rhyolites.  Of  these  pebbles  certain  granitoid  kinds,  called  by 
Wadsworth  **  granitoid  trachytes,"  carry  hornblende,  which  is 
beyond  doubt  I  think  a  secondarj'  hornblende,  though  Wads- 
worth  does  not  hold  this  view.  In  the  notes  on  the  iron  district 
he  gives  field  descriptions  from  which  he  argues  that  many  of 
the  rocks — including  greenstones — described  by  Brooks  and 
others  as  sedimentary,  are  eruptive,  and  among  numerous 
other  kinds,,  he  describes  briefly  a  number  of  greenstones 
from  the  vicinity  of  Marquette,  Ishpeming,  Kepublic,  Hum- 
boldt, Champion  and  Negaunee,  and  shows  tliat  they  are 
in  the  main  augitic^  thus  confirming  the  conclusions  reached 
by  Wichmann  in  1876.  But  he  goes  further  and  shows 
that  many  of  the  hornblendic  Uuronian  greenstones,  as  pre- 
viously shown  by  Pumpelly  and  myself  for  the  hornblendic 
Keweenawan  greenstones  of  Northern  Wisconsin,  are  but 
allered  or  uralitic  augitic  rocks,  and  expresses  the  opinion, 

'» p.  261.        »•  p.  691.         "  p.  667.         »»  pp.  533-599.         »»  e.  g.,  p.  570. 
*  p.  519.       "  Bulletin  of  tlio  Mus.  Comp.  Zool.,  vii. 
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which  so  far  as  I  know  he  was  the  first  to  do,  that  all  of  t 
hornblendic  kinds  of  this  Huron ian  region  were  origina 
augitic.  Speaking  of  the  basic  intrusive  rocks  of  the  regi 
collectively,  he  says :  "  They  would  pass,  according  to  the  or 
nary  definitions,  macroscopically  and  microscopically,  for  ( 
orite,  quartz  diorite,  diabase,  chlorite-schist,  hornblende-schi 
etc.,  yet  we  regard  them  all  simply  as  more  or  less  alter 
forms,  according  to  age  and  conditions,  of  rocks  that  were  or 
inally  the  same  in  origin,  structure,  composition  and  name, 
basalt""  In  liis  view  that  these  ancient  greenstones  were  or 
"  basalt,"  Mr.  Wadsworth  is  not  wholly  peculiar,  since  the  sai 
generalization  has  been  extended  by  others  as  well  as  by  h: 
over  all  ancient  hornblendic  eruptive  rocks,"  while  the  "d 
rites"  of  many  other  regions  have  been  shown  to  be  mere 
altered  auj^ilic  rocks."* 

In  1880-81,  I  was  engaged  in  a  microscopic  study  of  t 
rocks  of  the  entire  extent  of  the  Keweenaw  series,  the  resu 
of  which  study  are  giyen  in  a  memoir  forming  vol.  v  of  t 
monographic  series  of  the  publications  of  the  U.  S.  Geologic 
Survey,  and  in  an  abstract  of  this  memoir  in  the  Third  Anne 
Report  of  the  Survey,  which  publications  though  in  type  ov 
a  year  since,  are  only  just  about  being  issued.  A  brief  pi 
liininary  announcement  of  my  results  was  given  in  the  Secoi 
Annual  Report  of  the  Survey.  In  these  publications  I  co 
elude  that  all  of  the  hornblende  of  the  eruptives  of  the  K 
weenawjin,  acid  as  well  as  basic,  is  secondary  to  augite. 

In  1880-81  I  studied  a  suite  of  specimens  from  the  Flat 
beau  valley,  Wisconsin,"  and  in  connection  with  my  assistai 
Professor  C.  R.  Vanhise  the  crystalline  rocks  of  the  Wisconsi 
River  valley"  belonging  to  the  Arcliean.  In  this  study  n( 
only  did  we  find  that  all  of  the  hornblende  of  the  greenstone 
examined  (including  gabbro,  diabase,  diorite,  etc.)  was  seconc 
ary  to  augite,  but  also  all  of  that  of  the  hornblende  gneisB© 
hornblende  schists,  syenites,  and  hornblende  granites.  Sine 
the  paper  above  alluded  to  was  printed  we  have  exarainft 
many  more  sections  from  the  Archaean  rocks,  from  Lake  Huroi 
to  the  Mississippi,  and  have  thus  far  found  nothing  to  chang 
our  views. 

«*  p.  46. 

"  e.  g.  Judd,  '•  Volcanoes,"  1881,  pp.  2G1-208  ;  see  also  Wadsworth,  Bull.  Mui 
Comp.  Zool,  1879,  v,  275-287;  Science,  1883,  i,  127-130. 

»*e.  g.  Belgium,  see  (^eikie's  Text-Book  of  (xoology,  1882,  p.  143.  See  all 
Wadsworth,  Proc.  Host.  Soc.  Nat.  Hist.,  1877.  xix.  217-237. 

•»  pp.  618-622.  «•  Oeol.  of  the  Wis.,  vol.  iv,  pp.  626-714. 
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Abt.  XIX. —  On  Herderite  (?),  a  gludnwn  calcium  phosphate  and 
fluoride^  from  Oxford  County,  Maine;  by  William  Earl 
Hidden  and  Jaicks  B.  Mackintosh. 

Ix  the  January  number  of  this  Journal,  page  73,  attention 
was  called  to  the  mineral  here  described.  Our  specimens  were 
obtained  in  October,  1883,  from  Mr.  Nathan  H.  Perry,  of  South 
Paris,  Ma  They  were  then  thought  to  be  topaz,  so  much  did 
they  resemble  that  mineral  in  form  and  color,  and  also  from  the 
fact  of  their  being  from  the  same  ledge,  though  not  from  the 
same  pockets,  that  yielded  the  fine  crystals  of  topaz  noticed  in 
this  Journal,  III,  xxv,  p.  161. 

Mr.  Perry  has  since  informed  us  that  these  specimens  were 
found  in  October,  1882,  on  a  bleak  ledge  near  Stoneham,  in 
Oxford  county,  Maine,  at  a  point  about  14  miles,  a  little  west 
of  south,  from  West  Bethel  station  on  the  Grand  Trunk  R.  R. 

Some  weeks  after  they  were  received,  we  noticed  that  the 
basal  cleavage,  characteristic  of  topaz,  was  absent,  and  that  the 
hardness  of  the  mineral  was  5,  instead  of  8,  aain  topaz. 

The  crystals  are  implanted  in  small  clusters,  and  separately, 
on  quartz  crystals,  and  are  often  partly  embedded  in  them  : 
thev  also  occur  on  muscovite :  some  little  albite  (var.  cleave- 
laudite)  is  often  associated  with  them.  The  average  size  of 
the  crystals  is  about  3°*™  diameter,  though  one  of  1"**  and 
another  of  nearly  2^,  length  and  thickness  was  noticed.  This 
last  crystal  was  the  only  one  which  gave  a  hint  of  cleavage 
possibly  existing  in  the  mineral ;  a  distinct  pearly  luster  was 
observed  while  looking  into  it  on  the  basal  pinacoid. 

All  the  crystals,  and  we  have  not  yet  found  the  mineral  mass- 
ive, are  bright,  well  formed  and  rich  in  planes,  which,  however, 
are  not  usuallv  suited  for  exact  measurement  from  the  |)re8ence 
of  minute  prominences  over  their  surfaces.  No  regular  stria- 
tions  seem  to  be  present  on  any  of  the  planes.  The  faces  of 
one  of  the  octahedrons  are  invariably  dull  and  waxy-looking 
and  in  this  respect  differ  from  the  other  planes  observed. 

A[)parently  the  crystals  are  orthorhombic,  with  1/\I  116°. 
A  macrodome  measured  over  edge,  /A  /  gave  91°  30',  which 
would  require  134°  15'  for  the  angle  of  this  plane  on  0,  and  a 
brachydome  measured  over  0  gave  113^     The  observed  planes 

are  0,  /,  %-2  (?),  three  brachydomes,  two  macrodomes,  three 
octahedrons  and  two  other  octahedral  planes  beveling  the 
€<lges  between  the  regular  octahedrons  and  the  brachydomes.* 

*The  best  crystals  which  we  have  received  have  been  placed  in  the  hands  of 
Mr.  E.  S.  Dana  for  crystaUoKrapMc  determination,  and  his  results  will  be  pub- 
lisbedin  the  next  number  of  this  Journal  He  has  given  us  the  following  data 
for  pTiblication   here:   The  fundamental   angles  obtained   are    1-l^l-t,  over  0, 
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The  mineral  is  colorless  to  faintly  yellowish,  and  is  trans- 
parent to  sub-transparent.  Streak  white.  Crystals  very  brittle, 
with  fracture  small  conchoidal.  As  the  form,  hardness^ 
streak,  color,  associations  and  mode  of  occurrence  were  nearly 
if  not  quite  ihe  same  as  those  recorded  for  the  rare  species 
herderite,*  it  was  concluded  that  these  crystals  must  belong 
to  that  species  and  accordingly  tests  were  made  to  positively 
identify  it.  A  specific  gravity  determination  on  a  small 
quantity  gave  the  result  of  3,  and  on  testing  for  phosphoric 
acid  it  was  found  to  be  present  in  large  quantity. 

These  results,  together  with  previously  obtained  crystallo- 
graphic  data,  seemed  to  point  conclusively  to  the  fact  that  it 
was  herderite,  or  a  new  mineral  species.  As  no  quantitative 
analysis  of  herderite  has  ever  been  published  and  as  the  qual- 
itative analysis  accorded  to  it  was  uncertain,  we  commenced 
a  quantitative  analysis  of  it  in  order  to  determine  its  formula. 
The  methods  pursued  in  its  analysis  were  as  follows :  For  the 
determination  of  phosphoric  acid,  300°'  were  fused  with  sodium 
carbonate.  The  fused  mass  when  treated  with  water  and  nitric 
acid  left  an  insoluble  residue  which  was  decomposed  by  heating 
with  sulphuric  acid  ;  the  solution  of  the  residue  contained  only 
a  trace  of  phosphoric  acid.  The  two  solutions  were  mixed  and 
used  for  the  determination.  500™' were  treated  with  silica  and 
sulphuric  acid  to  eliminate  fluorine  and,  after  driving  off*  the 
excess  of  acid,  dissolved  in  dilute  hydrochloric  acid  The 
residue  was  fused  with  sodium  carbonate,  the  silica  separated 

(Oil  >x011)  =  46'  54',  and  M>s3(011  >.331)=57'7'.  Prom  these  the  axial  ratio 
has  been  oulouluted  rt:b:c-=\:  0-G823 : 1  -01 14.  The  axial  ratio  obiained  by  Uaidin- 
ger  for  herderite  is  1 :  0*6783 :  I*.' 97 1 .  Some  of  the  more  important  angles  (supple- 
ment angles)  of  the  Maine  phosphate,  compared  with  the  corresponding  angles  of 
the  original  herderite,  are  »8  follows: 


Maine  phonphate. 

Herderite. 

I^I{\\0^\U)) 

-      63*  39' 

W°7' 

1-;^  i-i  (101  ^loi) 

=      6b    37' 

68'  18' 

1-1^  i.)(oii  ^oTi) 

=     45^  54' 

46°  2' 

»w^6.1  (0«)1  -or;i) 

=    137"  2' 

137*^  8' 

0^1  (OtU  A  ill) 

=     38    46' 

38'  41' 

O.sll  (001  ^331) 

=     67    27' 

67^  25' 

Th6!)e  angles  shovv  that  the  form  of  the  Maine  phosphate  approaches  closely  to 
that  of  the  original  lierderite. 

*  '*  Herderite.  as  i»ripinally  desorilH'd.  is  orthorhombic,  /A/=s  1 15^^  53',  OA  1-C 
sssMS""  r>7',  observed  planes  (K  J,  1.  3,  4»  ^-\  and  6-).  Cleavag«:  /  interrupted. 
H.  =  5.  G.  =  2-985.  Luster  vitreiMis,  inclining  to  sub-resinous.  Color  various 
shades  of  yellowish  and  greenish  white.  Tran.sluiMjnl.  Kraciure  small  conchcndaL 
Very  brittle.  Composition,  prol'ably,  after  trials  by  Turner  and  Plattner:  an 
Huliydrous  phosphate  of  nlurnimi  and  lime  with  fluorine.  B.B.  fuses  to  a  white 
enamel  with  ditliculty :  lH.H.x)mos  blue  with  cobalt  solution.  Dissolves  when  finely 
powdered  in  muriatic  acid.  Found  very  rarely  at  tiie  tin  mines  of  Ehreofrieden* 
dorf.  Saxony  calso  a  good  topaz  locuiity').  Resembles  the  asparagus  Tarietj 
of  apatite.    (Dana's  .Syst  Miu.,  5th  ed.  p.*  546). 
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od  the  8olation  added  to  the  main  one.  The  solation  was 
ilated  to  600"  and  used  to  determine  the  other  constituents. 
00**  were  taken  and  the  lime  precipitated  as  oxalate  in  an 
loetic  acid  solation.  100"  were  taken  and  precipitated  with 
immonia.  The  precipitate  contained  all  the  phosphoric  acid 
sombined  with  part  of  the  lime  and  all  the  other  bases  present, 
b  the  filtrate  the  excess  of  lime  was  determined  as  oxalate. 

The  fluorine  was  calculated  from  the  excess  of  lime.  The 
glucina  was  determined  by  subtracting  the  lime  and  phos- 
phoric acid  known  to  be  present  from  the  ammonia  precipitate 
tod  proved  to  be  glucina  both  by  its  equivalent  weight  and  by 
its  reactions  when  afterwards  separated. 

The  results  obtained  are : — 


Found. 

C«0 33-21 

610(otG1,O,) 16-76 

PO -.  44-31 

F'.A 11-82 


less  O 


104-60 
4-76 

99-84 


Calculated. 

CaO -.. 34-33 

GIO- 15-39 

P.O. 43-53 

F 11-64 


less  O 


104-89 
4-89 

100-oa 


Corresponding  to  the  formula 

3CaO,  P,0,+  3G10,  P,0,+  CaF,+  GlF, 
or  as  it  might  be  written, 

3(iCaO  iGlO),  P,0,  +  {iCaiGl)F.. 

The  diflferences  between  the  obtained  and  the  calculated 
values  are  to  be  expected  when  the  quantities  used  are  con- 
sidered. The  methods  employed  also  would  tend  to  make  the 
lime  low  and  the  glucina  high.  There  is  no  doubt,  however, 
that  the  above  formula  represents  the  true  composition  of  the 
mineral.  When  heated  on  charcoal  before  the  blowpipe,  this 
mineral  phosphoresces  brightly  and  becomes  white  and  opaque. 
When  moistened  with  cobalt  solution  and  reheated  it  becomes 
dark  externally,  but  when  fractured  the  interior  surfaces  show 
in  part  an  amethystine  color. 

The  results  of  the  analysis  are  of  great  interest,  since  it  is 
the  first  time  that  glucina  has  been  recognized  in  any  mineral 
in  any  other  form  of  combination  except  as  a  silicate  or 
alnminate. 

In  case  the  original  determination  of  herderite,  by  Turner 
and  Plattner,  was  correct,  namely,  an  alumina  lime  phosphate 
fluoride,  then  this  mineral  from   Maine  is  not  herderite  but  a 
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new  species.  However,  the  probability  is,  from  the  imperfect 
nature  of  the  work  previously  done,  that  this  mineral  from 
Maine  is  identical  with  the  herderite  of  .Haidinger  (Phil.  Mag., 
iv,  1,  1828,  Dana's  Syst.  Min.,  p.  646).  Should  it  prove  to  be 
otherwise,  we  suggest  the  name  of  Olucinit'i  as  appropriate. 

Feeling  under  obligation  to  Mr.  Perry  for  furnishing  us  with 
a  supply  of  specimens  for  the  purposes  of  this  article,  we  take 
pleasure  in  here  thanking  him  for  his  kindness. 

New  York,  January  3,  1884. 


Art.   XX. — Note  on  the  Decay  of  Rocks  in  Brazil;  by 

Orvillp:  a.  Derby. 

In  examining  a  collection  of  specimens  from  two  borings 
made  in  the  coal  basin  of  Arroio  dos  Ratos,  Province  of  Rio 
Grande  do  Sul,  Brazil,  the  following  observations  bearing  on 
the  decay  of  rocks  were  made. 

These  borings  were  made  in  a  search  for  coal  in  a  basin  of  a 
few  square  leagues  of  surface,  of  horizontal  sedimentary  strata 
resting  on  crystalline  rocks.  Near  the  center  of  the  basin  a 
coal  mine  is  being  worked  at  a  depth  of  62  meters  from  the 
surface,  from  which  I  have  seen  a  large  specimen  of  Lepidoden- 
dron  in  a  moderately  hard  blue  shale.  This  establishes  the 
Carboniferous  age  of  the  coal ;  and  although  no  complete  geo- 
logical study  of  the  basin  has  ever  been  made,  the  proprietors  of 
the  mine  have  evidently  assumed  that  the  whole  sedimentary  se- 
ries of  the  basin  is  of  the  same  age.  As  no  other  formation  has 
been  recognized,  and  as  the  borings  traversed  several  thin  layers 
of  a  highly  bituminous  character  containing  unrecognizable 
plant  remains  and  approaching  an  impure  coal,  this  assumption 
IS  probably  correct. 

The  deeper  boring,  which  had  been  carried  to  a  depth  of  141 
meters  from  the  surface,  was  sunk,  for  the  most  part,  through  a 
large  series  of  beds  varying  from  a  few  inches  to  sevieral  feet 
in  thickness,  of  reddish,  di^ab,  greenish,  black  and  umber-colored 
clays  that  present  every  appearance  of  being  decomposed  shalea 
This  series  commences  at  i  meters  from  the  surface,  being  over- 
laid by  clayey  soil,  and  extends  to  a  depth  of  120  meters.  Be- 
low that  level  the  shale  is  sufficiently  hard  to  be  called  stone,  but 
in  all  other  respects  except  hardness  the  upper  and  lower  parts  of 
the  boring  are  so  similar  that  I  cannot  but  consider  them  as  - 
belonging  to  the  same  geological  series  which,  in  some  way, 
has  suffered  decay  to  the  extraordinary  depth  of  120  meters. 

The  other  boring,  98  meters  deep,  traverses  20  meters  of  aa — 
perficial  sands  and  clays,  terminating  below  with  a  gravel  bed* 
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Then  oome  80  meters  of  clays  (decomposed  shales)  very  simi- 
lar to  those  above  described,  and  evidently  belonging  to  the 
same  series,  although  it  is  impossible  to  exactly  coordinate  the 
beds  of  the  two  boringa     This,  however,  is  not  surprising,  as 
such  thin  and  rapidly  alternating  beds  are  not  likely  to  preserve 
the  same  order  and  relative  thickness  over  any  considerable 
area.     At  the  depth  of  80  meters  a  gneissoid  rock  is  met  with 
which  is  quite  as  much  decayed  as  the  overlving  shalea     This 
rock  appears  to  have  been  a  highly  micaceous  gneiss  contain- 
ing a  lew  scattered  crystals  of  feldspar  which  are  completely 
kiolinized.     The  mica  is  in  part  completely  altered  to  a  bluish 
unctuous  clay,  part  is  only  partially  decomposed,  presenting  ill- 
defined  flakes  with  a  silvery  luster,  while  occasional  scales  of 
black  and  unaltered  mica  can  still  be  distinguished  in  the  rock. 
The  mass  effervesces  slightly  with  acids  and  has  apparently 
received  a  portion  of  lime  from  the  overlying  nhales  which  con- 
I    tain  calciireous  layers. 

So  far  as  can  be  judged  from  the  small  fragments  taken  from 
the  boring,  this  mass  is' a  true  gneiss  decomposed  in  situ  and 
not  a  bed  of  arkose  intercalated  in  the  shale.  The  shale  bed 
immediately  above  it,  about  a  meter  thick,  is  homogeneous 
and  of  a  dark  umber  color,  without  any  appearance  of  having 
derived  its  material  from  the  underlying  rock.  It  appears,  on 
the  contrary,  to  have  been  deposited  on  a  hard  surface  of  unde- 
composed  gneiss  which  has  afterwards  decayed  along  with  the 
overlying  shales.  The  boring  penetrated  the  gneiss  to  the 
depth  of  18  meters,  but  no  hard  rock  was  met  with. 

Without  a  more  complete  knowledge  of  the  geology  and 
topography  of  the  region  it  is  impossible  to  assign  a  reason  for 
the  decay  having  extended  so  much  deeper  at  the  place  of  the 
borings  than  at  the  coal  mine  only  a  few  miles  away,  in  what  is 
presumably  the  same  geological  series.  The  occurrence  of  hard 
QDdecomposed  shale  in  the  bottom  of  the  first  boring  appears 
to  connect  the  rocks  of  the  two  borings  and  of  the  coal  mine, 
and  to  render  unnecessary  the  hypothesis  of  the  pre-Carbonifer- 
OQS  decay  of  the  gneiss. 
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SCIENTIFIC    INTELLIGENCE. 
I.  Chemistry  and  Physics. 

1.  On  the  perfect  Ektsticity  of  chemicaUy-definite  Solid  bodies, 
— Spring  has  sought  to  determine  experimentally  whether  the 
specific  volume  of  a  chemically-definite  solid  is  permanently  dimin- 
ished by  pressure.  With  certain  metals,  the  density  differs  accord- 
ing as  the  specimen  has  been  produced  by  casting  or  rolling;  but 
the  question  arises,  is  this  increase  of  density  by  rolling  or  ham- 
mering due  to  an  actual  condensation  of  the  metal  itself,  or  to  the 
disappearance  of  gas  bubbles  formed  in  the  process  of  casting  ? 
It  is  noticeable  that  metals  like  platinum,  gold,  silver  and  copper 
which  absorb  gases  readily  when  melled  and  give  them  up  only 
partially  on  cooling,  are  those  wliich  exhibit  the  greatest  increase 
in  density  on  subjecting  them  to  pressure.  For  his  experiments, 
Spring  selected  several  metals  and  several  chemically  pure  salts 
and  subjected  them  to  pressures  of  about  twenty  thousand  atmos- 
pheres, the  specific  gravity  being  carefully  determined  both  before 
and  after  pressing.  The  duration  of  the  experiment  lasted  three 
weeks;  and  then  after  determining  the  specific  gravity,  the  sub- 
stance was  again  subjected  to  pressure,  this  time  for  only  a  few 
days.  A  third  measurement  of  specific  gravity  was  then  made. 
Thus  lead,  whose  density  before  pressing  was  11-350  at  14**,  had 
a  specific  gravity  of  11*501  at  14°  after  the  first  pressing,  and  of 
11-492  at  16°,  after  the  second.  Antimony  was  6*675  at  16*5** 
before,  and  6*7M3  at  15°  and  6*740  at  16°  after  pressing.  Zinc^ 
7-142  at  16°,  was  7-153  at  16°  and  7*150  at  16°  after  it  was  pressed. 
Potassium  sulphate,  2*653  at  21°,  was  2*651  at  22°  and  2*656  at 
22°,  after  the  pressure.  Potassium  alum,  1"758  at  21°,  became 
1-756  at  16*5°  and  1*750  at  16*5°.  Potassium  chloride,  1-980  at 
22°,  became  2*071  at  22°  and  2*068  at  21",  after  pressure.  It  will 
be  noticed  that  after  the  first  pressing,  the  density  of  some  of 
these  bodies  was  slightly  increased ;  but  that  then  it  reached  its 
maximum,  and  did  not  change  on  pressing  a  second  time.  With  the 
exception  of  the  haloid  salts,  which  were  fused  to  remove  moisture 
and  hence  were  vitreous,  the  condensation  observed  cannot  be 
due  to  a  compression  of  the  substance  itself,  but  is  due  rather  to 
a  filling  in  of  cavities  or  cracks.  The  condensation  is  collateral, 
not  fundamental.  Moreover  this  permanence  of  density  is  not 
due  to  the  incompressibility  of  the  materials,  since  their  volume 
continually  diminished  as  the  pressure  increased.  On  removing 
the  pressure  however,  the  original  volume  was  completely  resumed, 
the  elasticity  of  these  solids  being  as  perfect  as  that  of  liquids  and 
gases.  Some  time  ago  the  author  had  shown  that  bodies  capable 
of  existing  in  two  allotropic  states,  one  of  which  was  denser  than 
the  other,  showed  a  change  of  density  under  pressure,  the  lighter 
form  being  always  converted  into  the  heavier.  Thus  prismatic 
sulphur  on  pressure  becomes  the  heavier  octahedral  form,  yellow 
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amorphous  mercaric  iodide  changes  to  the  heavier  red  cryRtalline 
variety,  amorphoas  arsenic  becomes  the  heavier  crystalline  arsenic. 
Hence  Spring  enunciates  the  following  law  :  Pressure  can  pro- 
duce no  permanent  condensation  in  solid  bodies,  unless  these 
bodies  can  be  converted  into  an  allotropic  state  specifically 
heavier.  The  applications  of  this  law  to  allotropism  and  to  the 
elasticity  of  solids  are  discussed  in  the  paper. — Ber,  Berl,  Chem. 
Ots.,  xvi,  272;3,  Nov.,  1883.  G.  F.  a 

2.  On  nitrogen  selenide, — IJerthklot  and  Vieille  have  exam- 
ined thermochemically  a  specimen  of  nitrogen  selenide  placed  in 
their  hands  by  Vcrneuil.     They  determined  the  heat  evolved  by 
the  explosion  of  this  dangerous  substance,  much  in  the  same  way 
as  with  nitrogen  sulphide.     Two  experiments,  in  each  of  which 
S  gprams  of  material   were  used,  gave  the  following  equation  : 
K&(93  grams)=N-|-Se:  42*9  and  42-4  calories,  or,  as  a  mean 
42*6;  or  42-3  calories  at  coustant  pressure.     Nitrogen  selenide 
therefore  is  formed  with  absorption  of  heat  ^— 42'3  calories),  like 
its  congeners  nitrogen  sulphide  (—31*9  calories)  and   nitrogen 
dioxide  (—21*6  calories);  the  heat  absorbed  increasing  with  the 
diemical   equivalent,  following    the    ordinary   law. — BiUl.   /Soc, 
Chini,,  n,  xl,  420,  Nov.,  1883.  G.  P.  a 

8.  On  Hyponitroua  acid  and  silver  Hyponitrite — Berthelot 
and  Ogieb  have  examined  the  hyponitrous  acid  of  Divers  and 
ibo  its  silver  salt.     The  latter  was  prepared  by  the  process  of 
the  discoverer,  dissolved  in  very  dilute  nitric  acid  and  reprecipi- 
tated  with  ammonia.     Finding  the  salt  to  undergo  decomposition 
at  lOO**  C.  the  authors  dried  it  in  vacuo  at  the  ordinary  tempera- 
ture and  in  the  dark.     Thus  prepared  it  contained  a  trace  of  water 
bat  no  reduced  silver.     On  analysis  it  gave  a  slightly  different 
formula  from  that  ordinarily  accepted,  viz  :  Ag^N^Og.     The  acid 
▼ould  then  be  H^N^O^.      The  authors  believe  that  this  formula 
accords  better  with  the  results  obtained  by  a  quantitative  study 
of  its  reactions  and  with  the  existence  of  the  acid  salts  discovered 
by  Zoni.     The  action  of  heat  upon  silver  hyponitrite  was  tested 
b  four  ways:  1st,  the  salt  was  placed  in  an  exhausted  tube  and 
heated  to  dull  redness,  the  nitrous  vapors  evolved  being  re-absorbed 
hy  the  silver ;  2d,  the  salt  was  heated  in  a  current  of  dry  COg 
which  carried  off  the  nitrous  vapors  and   condensed  them  in  a 
flolntion  of  hydrosodium  carbonate  which  was  then  tit  red.     The 
reactions  are  Ag^N^OgzrNaOj  +  NgOg-f  Ag.  ;  and  then  the  re- 
absorption   (Ng03)2+Agj=(AgN()2)8+N3^08 ;   3d,  the   silver 
hyponitrite  was  heated  over  a  naked  tire  and  yielded  a  mixture 
ol  metallic  silver  and  nitrite,  the  latter  requiring  a  prolonged  cal- 
cination to  destroy  it ;  4th,  the  salt  was  decomposed  with  a  dilute 
acid  and  then  heated  to  boiling.     Nitrogen  monoxide  is  evolved 
is  Divers  states ;  but  the  reaction  is  not  as  simple  as  he  supposed, 
all  the  nitrogen  not  being  evolved  in  this  gas,  but  a  part  going  to 
form  nitric  acid  thus  : 

(H,N,0,),=(N,0),+(HN03),+(II,0),. 
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Oxidation  with  iodine,  bromine  and  potassium  permanganate  were 
resorted  to.  Iodine  seems  to  have  no  action  upon  nyponitroos 
acid  either  free  or  combined ;  but  bromine  produces  a  character- 
istic reaction  : 

Ag4N,0,+(H,0),+B.-,,=(HN0,),+(HBr),,+(AgBr),. 

The  action  of  permanganate  is  irregular  unless  a  large  excess  of 
sulphuric  acid  be  employed;  the  oxygen  absorbed  is  about  eight 
per  cent  corresponding  to  three  equivalents.  Nitrogen  monoxide 
is  produced  as  follows  : 

Ag4N,0,+0,+H,0=N,0  +  (HNO,).+(AgaO),. 

■ 

The  silver  oxide  unites  with  the  sulphuric  acid.  The  beat  of 
formation  of  silver  hyponitrite  was  determined  by  oxidizing  it 
with  bromine  water.  Five  calorimetrical  experiments  made  be- 
tween 12°  and  14°  gave  29*65  calories.  From  this  the  value 
—9*3  calories  is  deduced  as  the  heat  absorbed  by  Nj  +Oim  + Ag,^ 
and  —16*3  calories  for  Ng  +Oi^4- AggO.  For  the  acid  itself  the 
heat  evolved  in  the  reaction  of  dilute  hydrochloric  acid  npon 
silver  hyponitrite  was  measured,  and  from  it  the  heat  of  formation 
was  calculated  as  3 8 '6  calories.  It  is  formed  from  its  elements 
then  with  absorption  of  heat ;  whence  its  instability. — BtUl,  3oc, 
Vhim,  II,  xl,  401,  November,  1883.  G.  P.  B. 

4.  On  certain  new  Compounds  of  Silver.  —  In  1879,  Gutseit 
proposed  a  reaction  for  arsenic  depending  on  the  fact  that  if  s 
piece  of  filter  paper,  moistened  with  a  drop  of  concentrated  silver 
nitrate  solution,  be  exposed  to  hydrogen  arsenide  a  lemon-yellow 
color  is  developed.  Poleck  and  Thummel  have  investigated 
this  reaction.  The  silver  solution  should  be  concentrated — equal 
weights  of  silver  nitrate  and  water — and  then  the  reaction  is  given 
by  hydrogen  sulphide,  phosphide  and  antimonide  as  well 'as  ar- 
senide. With  hydrogen  sulphide  a  yellow  to  yellowish-green 
spot  appears,  surrounded  by  a  black  edge,  the  whole  becoming 
black  after  a  time.  Moistened  with  water,  the  same  change  takes 
place.  The  spot  shows  a  distinctly  acid  reaction.  To  isolate 
the  yellow  compound,  II ^S  was  passed  into  a  concentrated  solu- 
tion of  silver  nitrate  until  the  escaping  gas  blued  a  solution  of 
iodide  of  zinc  and  starch.  A  yellowish-green  precipitate  was 
produced,  which,  washed  with  dilute  nitric  acid  and  dried  in  the 
air,  became  darker  in  color,  and  on  analysis  gave  the  formula 
(AgjS.AgNOj).     Its  formation  is  given  in  the  equation  : 

(AgN03)3  4-HgS=(Ag,S.AgN03)4-(HN03),. 

On  gently  heating  it  decomposes  thus  : 

(Ag,S.AgNO,),=(NO,),  +  Ag,  +  (Ag.S),  +  Ag,SO^. 

This  compound  is  obtained  also  by  treating  silver  sulphide  with 
fuming  nitric  acid.  But  if  the  nitric  acid  have  a  specific  gravity 
of  1*18,  a  violet-brown  kermes-colored  powder  is  also  obtained. 
This  latter  body  is  also  produced  by  heating  in  a  water  bath  a 
solution  of  40  parts  silver  nitrate  and  35  parts  of  water  and  adding 
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5  parts  of  snlphar  gradually  with  constant  stirring.    This  powder 
has  the    composition   (AgsS.Ag^SO.).     The    compound    which 
.ireenic  forms,  was  obtained  as  a  yellow  crystalline  mass  which 
decomposed  on  drying,     Analysis  of  the  solution  led  to  the  for- 
mula Ag3As.(AgN03)..     Hydrogen  phosphide  gives  a  precisely 
similar   Dody  AgjP.  (AgNO,),,  and  so   does   the   antimonide, 
Ag,Sb.(AgN05)5.     With  re^rence  to  the  toxical  application  of 
tbu  reaction  the  authors  say  that  the  lemon-yellow  spot  produced 
by  arsenicy  with  its  brown-black  edge,  becoming  immediately 
black  when  moistened  with  water,  is  easily  distinguished  from 
tbe  more  greenish-yellow  spot  given  by  sulphur,  which  water  does 
DOt  afiect,  and  the  antimony  spot  which  shows  on  its  brownish 
edge  a  gray-white  mirror.     The  spot  produced  by  phosphorus  is 
DOt  easily  distinguished  from  that  of  arsenic.     But  since  phos- 
phoric acid  is  not  reduced  to  hydrogen  phosphide  by  nascent 
bydrogen,  it  will  seldom  interfere.     With  regard  to  the  delicacy 
of  the  reaction,  six  thousandths  of  a  milligram  of  arsenous  oxide 
iDtrodnced  into  the  evolution  flask  gave  a  distinctly  recognizable 
yellow  spot  after  15  or  20  minutes  and  001 5  milligram  gave  the 
leiction  in  5  minutes,  the  spot  becoming  black  on  moistening  it 
with  water.     Its  delicacy  is  therefore  quite  equal  to  that  of  Marsh's 
method. — Ber,  BerL  Chem,  Ges.^  xvi,  2435,  Oct.,  1883.     g.  f.  b. 

6.  Velocity  of   Abound  in  Air,  —  Mr.   J.   D.   Blaiklky  has 
detennined  the  velocity  of  sound  in  small  tubes  with  the  idea 
that,  by  taking  tubes  whose  diameters  are  in  definite  ratios,  the 
okulation  might  be  extended  to  embrace  the  case  of  the  velocity 
of  sound  in  a  tube  of  infinite  diameter — or  in  other  words — in  the 
free  air.     Before  the  author's  results  are  given  certain  criticisms 
of  the  results  of  previous  observers  are  made.     Determinations  of 
the  velocity  of  sound  in  the  open  air  are  effected  by  the  uncertain 
element  of  the  humidity  of  the  air  and  by  the  want  of  homo- 
geneity of  the  layers  of  air.     Kundt's  method,  which  consists  in 
ezdtiDg  vibrations  inside  a  tube  and  observing  the  nodes  and 
segments  by  means  of  lycopodium  powder  is  suited  for  compara- 
tive rather  than  for  absolute  results.     LeUoux's  method,  which 
comists  in  the  employment  of  a  tube  closed  by  two  membranes, 
one  of  which  is  tapped,  and  the  interval  between  the  blow  and 
tbe  response  of  the  other  membrane  is  measured  gives  uncertain 
results  on  account  of  the  want  of  equality  in  the  tension  of  the 
two  membranes.     Regnault's  results  in  long  pipes  seem  to  require 
a  greater  rate  of  diminution  in  the  velocity  of  sound,  if  extended 
I      to  tubes  such  as  are  used  in  musical  instruments,  than  actual  ex- 
i      periments  on  these  tubes  show.     Mr.  Blaikley  obtains  for  tubes 
of  ll-?"*'",  19-5™,  32-6"""  and  54M™'"  in  diameter,  the  following 
results  for  the  velocity  of  sound:  324-66,  326*90,  328*78,  329.72. 
fle  also  finds  that  waves  near  their  origin  are  not  of  normal 
length,  and  he  conjectures  that  some  of  the  results  obtained  by 
LeKoux  in  gun-fire  experiments  would  give  closer  results  if  they 
were  corrected  for  this  divergence. — Phil,  Mag,^  Dec.  1883,  pp. 
447-465.  '  J.  T. 
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6.  77ie  Cofidensation  of  Aqueous  Vapor  as  a  aource  of 
Atmospheric  Electricity, — ^The  evaporation  of  water  and  the  oou- 
densation  of  vapor  have  each  in  turn  been  regarded  by  many  aa , 
the  source  of  the  electricity  of  thander  storms.  Late  experimenti 
of  Freeman  (Phil.  Mas^.,  v,  xiii,  p.  400, 1882)  and  of  Blake  (Wied. 
Ann.,  xviii,  p.  f)25,  1883)  seem  to  show  that  no  electricity  results 
from  the  evaporation  of  pure  water.  Mr.  S.  Kalischer  has  taken 
up  the  question  whether  condensation  of  aqueous  vapor  is  a 
source  of  electricity.  He  used  a  Kirchhoff  quadrant  electrometer. 
The  instrument  and  the  leading  wires  were  suitably  protected 
from  local  disturbances.  The  outsides  of  twelve  large  beaker 
glasses  were  covered  with  tin  foil  and  were  filled  with  ice.  They 
were  then  placed  upon  an  iron  plate  which  in  turn  rested  upon  a 
thick  glass  plate,  and  pieces  of  paraffine  were  placed  beneath  the 
corners  of  this  glass  plate.  The  beakers  with  their  support  were 
placed  in  a  metal  box  which  was  connected  with  the  ground. 
The  cover  of  the  box  was  a  fine  meshed  metallic  net  which 
allowed  the  air  entrance  without  friction.  The  moisture  in  the 
air  condensed  upon  the  beakers.  One  set  of  quadrants  of  the 
electrometer  was  connected  with  the  beakers  and  the  other  set 
with  the  ground.  It  was  noticed  thi^*  the  deflections  of  the  in- 
strument were  of  the  same  sign  and  the  same  amount,  whether 
tlie  beakers  were  filled  with  ice  or  not.  The  deflections  were 
sometimes  greater  when  the  beakers  were  empty  than  when  they 
were  filled  with  ice.  In  order  to  test  whether  both  kinds  of  elec- 
tricity appeared  at  once,  the  condensation  water  was  suitably 
examined  but  no  trace  of  electrification  was  observed.  Finally 
the  beakers  were  filled  with  a  freezing  mixture  so  that  a  layer  of 
ice  was  formed  on  their  outer  coverings.  No  electrical  condition 
was  observed,  and  the  author  concludes  that  by  means  of  oar 
present  apparatus  we  are  not  able  to  show  that  condensation  of 
vapor  or  the  formation  of  hail  is  a  source  of  atmospheric  elec- 
tricity.—  WiecL  Ann,,  No.  12a,  1883,  pp.  614-620.  j.  t. 

7.  Red  Sxinsets, — The  foreign  journals  contain  accounts  of  the 
peculiar  sunsets  which  have  also  been  noticed  in  America.  In 
the  Comptes  Rendus  of  Dec.  3d,  the  marked  sunsets  of  Nov.  26th 
and  27th  are  described  and  are  supposed  to  be  connected  in  some 
way  with  the  November  meteoric  shower.  No.  reference  is  made 
to  the  extent  of  the  phenomenon.  In  the  Comptes  Rendus  of 
Dec.  10th  news  had  been  received  of  the  generality  of  the  phe- 
nomenon. It  is  apparent  to  the  observers  that  the  peculiar  sun- 
sets are  not  auroral  in  character.  M.M.  Bertrand,  Dumas  and 
D'Abbadie  give  descriptions  of  the  sunsets  seen  by  them,  and 
the  latter  refers  to  the  extent  of  the  phenomenon  over  the  earth ; 
and  is  inclined  to  attribute  it  to  the  erujition  of  Java.  The  snow 
in  parts  of  Norway  has  contained  a  gray  powder  which  analysis 
may  prove  to  be  of  the  same  constitution  as  the  dust  from  vol- 
canic eruptions.  The  rosy  light  of  the  sunset  is  easily  distin- 
guished from  the  light  of  an  aurora.  It  does  not  scintillate  and 
has  the  appearance  of  light  modified  by  layers  of  matter  greatly 
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itended  in  high  regions  of  the  atmosphere.  There  are  no  con- 
mporaDeons  magnetic  disturhances  and  one  does  not  observe  a 
ftriced  rain  band.  Apparently  there  is^  band  of  absorption  ex- 
nding  from  D  to  the  less  refrangible  portion  of  the  solar  spec- 
um. —  Comptes  JRendus,  Dec.  10,  1883,  p.  1384.  j,  t. 

8.  Physieai  Studies  of  Lake  Tahoe, — Prof.  John  LkConte 
IB  recently  published  in  the  Overland  Monthly  a  serios  of  arli- 
ts  giving  a  discussion  of  the  results  of  some  physical  observa- 
DDS  made  by  him  at  Lake  Tahoe  in*  1873.  Lake  Tahoe,  also 
illed  Lake  Bigler,  is  situated  at  an  altitude  of  6247  feet  in  the 
ierra  Nevada  Mountains,  partly  in  California,  partly  in  Nevada, 
be  lake  has  a  length  of  22  and  a  width  of  12  miles.  As  regards 
A  origin,  the  author  regards  it  as  a  ''plication-hollow,^'  or  a 
rough  produced  by  the  formation  of  two  mountain-ridges,  after- 
rards  modified  by  glacial  agency.  The  depth  of  the  lake  is 
emarkabley  the  oDservations  taken  at  ten  stations  along  the 
CDgth  of  the  lake  gave  the  following  depths  in  feet:  900,  1385, 
1495,  1500,  1506,  1540,  1504,  1600,  1640,  1645.  This  depth  ex- 
oeedft  that  of  the  Swiss  Lakes  proper — Lake  Geneva,  for  exam- 
ple, has  a  maximum  depth  of  1096  feet — but  is  considerably  less 
tbiD  that  of  Lakes  Maggioi*e  and  Como  on  the  Italian  side  of  the 
Alps.  A  series  of  observations  of  the  temperature  of  the  water 
lere  taken  between  the  11th  and  18th  of  August.  The  average 
corrected  results  are  as  follows : 


ptiiinfeet. 

Temp.  (C.) 

Depth  in  feet. 

Temp.  (C.) 

0  (surfaoe) 

19-4 

330  (bottom) 

7-5 

50 

n-2 

400 

72 

100 

12-8 

480  (bottom) 

6-9 

150 

100 

600 

6-7 

!00 

8-9 

600 

6-1 

250 

8-3 

772  (bottom) 

6-0 

300 

7-8 

1506  (bottom) 

4-0 

The  temperature,  therefore,  diminishes  with  increasing  depth  to 

iboQt  TOO  or  800  feet,  and  below  this  remains  sensibly  the  same 

down  to  1506  feet;  or  in  other  words  a  constant  temperature  of 

4'  C.  prevails  at  all  depths  below  about  820  feet.     This  is  in  accord- 

IDC«  with  the  theory,  the  temperature  named  being  th;it  of  the 

maiimuni  density  of  water,  and  it  confirms  the  recent  observations 

of  Professor  Forel  in  Switzerland;  he  found,  for  example,  tliat  a 

coDStant  temperature  of  4°  C.  was  reached  in  Lake  ZQrich  at  a 

depth  of  nearly  400  feet,  the   lake   being  then   covered  with  4 

inches  of  ice.     The  explanation  of  the  observed  fact  that  Lake 

Fafaoe  does  not  entirely  freeze  over  even    in  severe  winters   is 

Iband  in   the  extreme  depth  ;  and    the  fact   that  the  bodies  of 

trowned  persons  do  not  rise  to  the  surface  after  the  lapse  of  the 

isaal  time  is  explained  by  the  low  temperature  prevailing  near 

he  bottom  which  does  not  allow  the  necessary  decomposition  to 

o  forward  so  as  to  produce  the  ordinary  result. 

The  water  of  Lake  Tahoe  is  remarkable  both  for  its  transpar- 

icy  and  beauty  of  color.     A  series  of  observations  made  at  the 

Am.  Joub.  8ci.— Third  Sbbibb,  Vol.  XXVII,  No.  158.— Feb.,  1884. 
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close  of  August  or  beginning  of  September  showed  that  a  hori- 
zontally adjusted  dinner  plate  of  about  9^  inches  diameter  was 
visible  at  noon  at  a  depQi  of  108  feet.  The  maximum  depth  of 
the  limit  of  visibility  as  found  by  Professor  Forel  in  Lake  Geneva 
was  56  feet ;  he  showed,  moreover,  that  this  limit  is  much  greater 
in  winter  than  in  summer  as  explained  in  part  by  the  greater 
absence  of  suspended  matter  and  in  part  by  the  fact  that  increase 
of  temperature  increases  the  absorbing  power  of  water  for  light. 
The  maximum  depth  of  visibility  in  the  Atlantic  Ocean,  as  found 
by  (-ount  de  Pourtales,  was  102  feet,  and  Professor  LeConte 
states  his  belief  that  winter  observations  in  Lake  Tahoe  would 
place  the  limit  at  even  a  greater  depth  than  this.  The  author 
gives  a  detailed  and  interesting  discussion  in  regard  to  the  blue 
color  of  lake  waters,  reviewing  in  full  the  results  of  previous 
writers  on  the  subject,  and  concludes  that  while  pure  water  un- 
questionably absorbs  a  larger  j)art  of  the  red  end  of  the  spectrum 
and  hence  appears  blue  by  transmitted  light,  the  color  seen  by 
diffuse  reflection  is  mainly  due  to  the  selective  reflection  from  the 
flne  particles  suspended  in  it. 

The  last  subject  discussed  by  the  author  is  that  of  the  rhythmical 
variations  of  level,  or  '^seiohes,"  of  deep  lakes ;  he  applies  the  usual 
formula  to  Lake  Tahoe  and  calculates  from  it  the  length  of  a  com- 
plete longitudinal,  and  of  a  transverse  "seiche;"  these  are  found  to* 
be  18  or  10  minutes  in  the  first  case  and  13  minutes  in  the  second. 

II.  Geology  and  Mineralogy. 

1.  Geology  of  Wisconaifi,  Survey  of  1873-1879 ;  T.  C, 
CuAMBEKLiN,  Chief  Geologist;  vol.  1,  xxiv  and  726  pp.  8vo, 
with  maps  and  figures;  and  vol.  IV,  xxiv  and  780  pp.,  with  27 
plates  of  figures  of  fossils,  in  8vo,  maps  and  sections  in  the  text, 
and  accompanied  by  an  Atlas  of  maps. — These  two  volumes  com- 
plete the  series  of  Wisconsin  Reports,  volume  II  having  been 
published  in  1877  and  volume  III  in  1880.  The  series  is  one  oF^ 
special  interest  and  value,  because  of  the  range  of  the  geologi — 
cal  formations  and  their  products,  and  also  the  able  treatment 
the  various  subjects  that  come  under  discussion. 

Of  the  new  volumes,  volume  I  contains  a  popular  review 
Prof.  Chamberlin  of  General  Geology  (300  pages),  in  which  fact  _ 
figures  of  fossils,  etc.,  and  maps,  from  Wisconsin  geology, are  freel]^ 
introduced ;  and  also  other  brief  reviews  of  the  facts  connecteA 
with  the  subject  of  minerals  and  rocks,  by  K.  D.  Salisbury  anS 
K.  D.    Irving  ;    lists   of  fossils,  plants,  crustaceans,  lepidoptertf 
and    vertebrates    among    animals ;    an    elaborate   paper  on   the 
economic  relations  of  Wisconsin  birds,  by  F.  H.  King,  and  i 
review  of  the  economic  geology  of  the  State  by  R.  D.  Irving, 
M.  Strong  and  T.  C.  Chamberlin.     Volume  IV  is  occupied  with  a 
geological  and  topographical  report  on  a  northwestern  portion  of 
the  State,  by  Moses  Strong,  and  another  on  the  Lower  "St.  Croix 
district,  by  L.  C.  Wooster ;    a  Paleoutological  Report,  by  R.  P. 


Otology  and  Mineralogy.  147 

liitfield,  illustrated  by  27  lithographic  plates ;  report  on  the 
e  deposits  (lead,  etc.)  of  south westeiii  Wisconsin,  by  Prof. 
lamberlin  ;  on  the  crystalline  rocks  of  the  Wisconsin  Valley,  by 
.  D.  Irving  and  C.  R.  Vanhise ;  and  on  other  subjects. 
In  the  course  of  the  part  on  General  Geology,  Prof.  Chainberlin 
Tes  his  views  on  the  origin  of  the  iron,  copper  and  lead  ores  of 
e  State.  The  great  iron  ore  beds  of  the  Huronian  are  regarded 
originally  deposits  made  in  waters  or  marshes,  approximately 
bog  ores  are  now  made.  The  same  view  is  held  by  Prof.  Irving. 
he  opportunities  for  observation  which  the  Archaean  ore  beds 
'  the  region  afford  give  great  "weight  to  the  opinion  of  these 
Mdogists. 

The  copper  and  silver  of  the  Keweenaw  formation  are  attributed 
)  the  same  deep-seated  source  with  the  igneous  rocks  in  and  near 
hieh  they  occur,  they  having  existed  in  some  condition  in  tl.e 
)cks  that  were  melted  to  produce  the  lavas  or  trappean  beds. 
W.  Chamberlin  holds  also  that  after  being  brought  up  by  the 
lalten  rock,  they  were  chemically  extracted  thence  by  percolating 
raters  and  concentrated  in  the  porous  belts  or  fissures  of  the  for- 
uiioD ;  that  surface  wear  gave  metallic  ingredients  to  the  adja- 
ent  sea,  and  so  sediments  became  impregnated,  which  through 
sbsequent  concentration  originated  other  co))per  and  silver 
teposits. 

rrof.  Chamberlin  refers  to  the  view  (favored  by  the  writer) 
bat  the  copper  and  silver  may  have  been  derived  from  rocks  en- 
ountered  by  the  molten  material  on  its  way  to  the  surface,  and 
bjects  to  it  on  the  ground  that  the  underlying  rocks,  so  far  as 
eterminable  from  their  outcrops,  "give  no  warrant  for  the  sup- 
ositiou  that  they  contain  such  ore  deposits.'^  But  in  the  writer^s 
nderstanding  of  the  theory,  the  ores  may  have  come  from  the 
ocks  of  any  part  of  the  walls  of  the  fissure,  even  down  ten, 
i7«Dty  or  more  miles,  according  to  the  depth  of  the  region  of 
DsioD ;  the  rocks  may  hence  be  part  of  the  originally  consolidated 
rnst,  nowhere  within  reach  of  obsei*vation ;  and  the  depths, 
h<Mie  where  the  extreme  temperature  was  over  1,000°  F,,  and 
KMsibly  little  short  of  that  of  fusion,  where,  consequently,  what- 
iver  material  was  movable  by  means  of  vapor  or  otherwise,  would 
nove,  slowly  or  with  a  rush,  according  to  the  supply,  into  the 
)peDed  fissure  or  vacuum,  and  so  might  accompany  the  molten 
naterial  to  the  surface ;  and  if  the  fusion  were  a  local  phenome- 
lOD  within  the  crust,  resulting  from  subterranean  disturbance, 
he  locus  might  be  the  region  of  fusion  itself,  in  which  case  the 
wo  views  in  part  coincide.  The  theory  adopted  by  the  writer 
rings  the  two  classes  of  veins  into  one  category ;  for  the  ores 
f  granitic,  quartzose  and  other  veins  in  metaiporphic  rocks  away 
•om  igneous  ejections  seem  to  have  no  other  source  but  that 
idicated — the  region  adjoining  some  part  of  the  fissure.  The 
tending  conditions  embrace  all  the  agencies  needed  for  the 
ithering  of  the  ore  and  other  material,  the  alteration  of  tlie 
cks,  and  the  concentration  and  distribution  of  the  ores ;  chief 
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among  which  agents  are  heat  and  moisture,  the  former  of  almost 
indefinite  amount,  and  the  latter  in  large  subterranean  supply 
toward  the  surface  if  not  abundant  below.  This  '^  subterranean 
supply  toward  the  surface  *'  must  have  been  veiy  copious  in  the 
case  of  the  Lake  Superior  eruptions. 

Prof.  Chamberlin  discusses  the  subject  of  the  erosion  of  Paleo- 
zoic formations  in  Wisconsin,  with  interesting  conclusions.  Speak- 
ing of  the  valley  of  the  Mississippi,  he  observes  that  at  La  Urosse 
it  now  runs,  according  to  an  artesian  boring  in  the  gravel,  at 
least  170  feet  above  its  ancient  bed.  The  basin  of  Lake  Superior 
is  made  a  geosynclinal  trough  (the  bottom  now  400  feet  below 
the  sea-level),  formed  in  the  period  of  the  Keweenaw  formation, 
though  more  or  less  modified  subsequently  by  erosion.  Lake 
Michigan — its  bottom  of  mud  now  300  feet  below  the  ocean  level 
(and  its  original  bottom  underneath  the  sediment  probably  400 
or  500  feet) — is  referred  to  as  a  pre-Glacial  basin,  the  site  of  a 
vast  amount  of  erosion,  but  not  wholly  a  result  of  erosion. 

In  volume  IV,  Prof.  Chamberlin  has  (in  its  "  Part  IV,"  150 
pages)  a  very  full  account  of  the  ore  deposits  in  southwestern 
Wisconsin.  It  will  be  read  with  great  interest  in  connection  with 
the  Missouri  Report  on  the  same  general  subject  by  Adolf 
Schmidt.  The  author,  after  an  account  of  the  observations  of 
Dr.  Percival  in  1854-1866,  and  of  J.  D.  Whitney  in  1869,  treats 
first  of  the  ores  that  were  original  to  the  beds — the  galenite, 
sphalerite,  pyritc,  marcasite,  chalcopyrite,  calcite,  dolomite,  barite; 
and  next  of  those  of  secondary  origin,  as  the  lead  carbonate  and 
sulphate,  zinc  silicate  and  anhydrous  and  hydrous  carbonates; 
iron  carbonate,  hematite  and  limonite ;  copper  carbonates;  with 
pyrolusite  and  gypsum.  The  forms  and  constitution  of  the  ores 
arc  treated  of,  the  distribution  of  the  ore  deposits,  with  map 
illustrations,  the  origin  of  the  cavities  which  contain  the  deposits, 
and  the  conditions  under  which  they  were  made.  He  points  out 
that  from  Lake  Superior  to  southern  Illinois  the  feeble  nexures  or 
undulations  of  the  strata  have  a  general,  but  varying,  east  and 
west  trend,  showing  a  common  direction  of  movement  by  lateral 
ressure  through  the  Paleozoic  as  well  as  in  Archaean  time ;  and 
e  presents  as  the  common  if  not  general  fact  that  the  ore-beds 
are  most  abundant  in  the  ranges  of  the  depressions.  The  cavities 
of  erosion  which  contain  the  ore  were  determined  in  position  by 
preexisting  crevices ;  these  were  largely  due  to  the  movement 
and  flexure,  just  referred  to.  Many  figures  illustrate  the  form 
and  origin  of  the  cavities.  The  relations  of  the  ores  to  each  other 
and  the  changes  in  them  since  their  deposition  are  also  discussed. 
The  theory  of  origin  supposes  that  the  deposits  were  made  by 
oceanic  waters,  which  owed  their  metalliferous  salts  to  the  leach- 
ing of  adjacent  lands ;  and  that  oceanic  currents  gave  aid  in  the 
distribution  of  the  ores.  This  solution  of  the  question  has  its 
doubts,  as  the  author  admits.  They  would  be  much  less,  we' 
think,  if  the  oceanic  waters  were  supposed  to  be  those  of  large  but 
p.titly  confined  shallow  areas  of  the  borders  of  the  ocean.      Por 


I 


Geology  and  Mineralogy.  149 

tbe  s|>ecial  viciFS  as  to  the  rneans  of  M>liition  by  the  watern  and 
other  points,  the  reader  is  referred  to  the  vohime. 

Prof.  Irving's  lithological  work,  so  far  as  reported  in  volume 
IV,  is  confined  to  the  crystalline  rocks  of  the  upper  Fhimbeau 
River  and  to  those  of  the  Wisconsin  valley ;  the  latter  was  car- 
ried on  by  himself  and  C.  R.  Vanhise.  He  gives  an  excellent 
review  of  the  rocks  and  minerals  of  tlie  Statt*  in  volume  I.  His 
extended  study  of  the  copper-bearing  rocks  of  Lake  Superior  is  to 
be  published  as  volume  V  of  the  monographic  series  of  reports  of 
die  U.  S.  Geological  Survey.  A  full  abstract  of  this  elaborate 
work  has  appeared  in  the  Third  Annual  Hfporl  of  the  Director  of 
tbe  U.  S.  Geological  Survey,  of  which  it  occupies  100  pages.  A 
brief  account  of  some  of  his  important  results  is  contained  in  his 
pii.er  in  the  last  volume  of  this  Journal  (page  27). 

Prof.  Wooster,  in  his  account  of  the  geology  of  the  lower  St. 
Croix  district,  speaks  of  the  coarse  beds  of  the  Potsdam  sandstone 
in  the  vicinity  of  Chipi)ewa  Falls  as  containing  |)ebbles  of  feld- 
spar, as  well  as  quartz,  with  mica  scales,  proving  that  its  material 
came  from  the  Archaean  granitic  rocks  on  the  northern  borders  of 
the  formation.  He  also  states  that  the  green  sand  (glauconite)  of 
the  formation  is  confined  mostly  to  its  upper  300  feet,  and  where 
it  occurs  usually  gives  a  green  color  to  the  soil  above.     J.  u.  d. 

2.  The  Geology  of  the  iSusqueliunna  lUvtr  rtt/ton  //<  the  six 
tomtiesof  Wyoming^  Lackawanna,  Luzerne,  Volumhia,  Montour 
and  Northumberland;  by  I.  C.  White.  Keport  of  Progress  (t7 
of  tbe  Geological  Survey  of  Pennsylvania.  404  pp.  rtvo,  with  sec- 
tions in  the  text  and  a  finely  colored  geological  map  in  two  parts. 
Harrisbur^,  Pa.,  IS83. — The  area  covered  by  this  report  of  Pro- 
fessor White  contains  about  *J(K)0  square  miles,  and  is  situated 
vithin  the  northeastern  quarter  of  tlie  State.  The  facts  connected 
with  the  Quaternary  are  first  mentii)ned — the  features  of  the 
terminal  moraine,  which  crosses  the  area,  the  glaein!  scratches 
north  of  it,  elTects  of  flooded-river  transportation,  river  gravels 
and  terraces,  and  buried  valleys.  The  terraces  of  the  Sus(iuehanna 
in  tbe  vicinity  of  South  Easton,  have  the  heights  above  low  water 
of  35  feet  (the  modem  flood-ground),  100,  150  and  200  feet.  The 
laet  is  quite  narrow  and  has  at  top  a  deposit  of  nearly  white 
siliceous  clay  "  which  seems  to  mark  the  uppermost  limit  of  the 
river  during  the  era  of  the  flood."  Near  Northumberlan^l  the 
four  terraces  have  the  heights  above  the  river  of  ^.j,  5.^,  80  and 
175  feet.  Coarse  gravel  deposits  (bowlder  l)e«ls)  occur  in  some 
parts  of  the  Susquehanna  high  terraces,  and  generally  about  the 
mouths  of  its  tributaries. 

One  of  the  buried   valleys  is   that  of  the  "old  Susijuehanna" 

between   Pittston  and   Kingston,  north   of  the   present  channel, 

and  passing   under  the  town  of  Kingston.     In  diflerent  borings 

along  it,  near  Kingston  the  bed  rock  was  struck  at  <lepths  of  212, 

i85,  210,  180  feet,  showing  the  valley  to  be  buried  at  212  feet  or 

more.      At  Pittston,  the  course  of  the  Susquehainia  changes  from 

MUth -southeast    to  about  west-southwest,  the  latter  the  course 
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8oath  of  Pittston  and  of  the  buried  valley.  The  west-Bonth- 
westward  or  east-northeastward  coarse  is  continued  eastward 
by  the  Lackawanna  River,  and  along  this  stream  the  buried 
valley  extends  for  some  distance,  a  boring  two  miles  north  of 
Pittston  reaching  the  bed  rock  at  a  depth  of  80  feet.  This 
buried  valley  of  the  "old  Susquehanna"  was  found  by  the  out- 
crop of  rocks  not  to  extend  westward  beyond  Berwick ;  the  facts 
show  that  the  bottom  of  the  old  valley  near  Kingston  is  70  feet 
lower  (referred  to  the  sea-level)  than  the  outcropping  rocks  floor- 
ing the  river  near  Selinsgrove,  VO  miles  down  stream.  The  facts 
naturally  lead  to  enquiry  for  the  continuation  of  the  old  water- 
way. Professor  White's  views  on  the  point  (referred  to  on  page 
27),  are  not  given  in  the  Report.  He  has  sent  a  statement  of 
them  to  the  writer,  and  from  that  we  learn  that  he  rejects  the 
idea  of  a  northward  discharge,  which  Mr.  Carl  I  suggested  for  the 
Alleghany  and  Beaver  Rivers  in  prc-Glacial  times)  on  account 
of  the  topographical  difficulties ;  that  he  regards  it  as  most  prob- 
able that  the  old  channel  was  excavated  by  the  river  in  pre-6lacial 
times,  when  the  land  to  the  north  wns  at  a  higher  level  than  now ; 
that  the  filling  with  sands  and  jjravcl  took  place  during  the  era 
of  subsidence  followine:  the  Glacial,  the  era  of  floods  and  deposi- 
tion ;  and  that  after  this,  in  the  elevation  which  followed  bringing 
the  land  to  its  present  level,  the  amount  of  elevation  experienced 
by  the  different  regions  to  the  north  and  south  was  unequal. 

The  rocks  of  th^  region  range  from  the  Medina  sandstone  on 
the  south  to  the  top  of  the  Devonian.  Professor  White  identifies 
the  Salina  formation  in  its  New  York  position  between  the 
Niagara  and  Lower  Helderberg  groups,  but  without  its  salt  or 
gypsum. 

Some  of  the  most  important  facts  in  the  Report  relate  to  the 
wide  range  of  fossils  of  well-known  limited  positions  in  the 
Devonian  and  Upper  Silurian  of  New  York.  The  Spiriferae,  8, 
di.yuncta^  jS.  mesocostalis  and  S,  me^ostrialis^  as  determined  by 
Mr.  Claypole  for  Professor  White,  instead  oi  marking  definite 
horizons  of  the  ('hemuug  group,  as  in  New  York,  occur  in  (Miter- 
natiny  beds,  which  are  regarded  as  intermediate  between  the 
Catskill  and  Chemung,  and  are  called  the  Catskill-Chemung  beds. 
Again  Chonetes  setigeriis^  a  Hamilton  species  in  New  York  rarely 
seen  in  the  Chemung,  is  reported  as  found"  2000  feet  above  the 
top  of  the  Hamilton,  along  with  the  first  two  of  the  above  Spiri- 
ferjE.  JIah/8fte^*<  entetntlatun  is  reported  as  very  abundant  in  the 
Lower  Hohlorberfr.  in  a  bed  underneath  the  Stormville  limestone 
of  the  Lower  IlelderV^ers;  group,  while,  according  to  Hall  (as 
stated  on  ])a<fe  xxiii  f»i  the  report),  '*  no  one  has  ever  before  found 
it  above  the  Niaix.ira,"  and  it  has  been  seen  lower  than  this  group, 
and  even  in  the  Trenton.  JSpirf/h'  arenosa^  *'or  a  fonn  very 
much  like  it,''  characteristic  of  the  Oriskany  in  New  York,  is  here 
reported  from  beneath  the  Oriskany  and  in  the  Stormville  con- 
glomerate of  the  Lower  Helderberg. 

It  has  long  been  believed  that  a  complete  investigation  of  the 
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Paleozoic  fossils  of  Pennsylvania  would  throw  much  light  on  the 
actnal  distribution  of  the  species  so  well  studied  by  Professor 
Hall  in  New  York ;  and  it  is  not  at  all  improbable  tliat  com- 
mingling should  exist  of  fossils  that  arc  confinod  in  New  York  to 
distinct  horizons,  proving  changes  from  migrations  like  those 
illustrated  in  modern  geographical  distribution.  It  is  of  tho 
matest  importance  therefore  that  the  fossils  and  the  beds  be 
determined  with  all  possible  care  in  order  that  the  doubts  sug- 
gested by  rules  or  conclusions  regarded  as  '' established"  may 
De  fully  removed.  Beyond  the  fact  that  the  observations  make 
wt  discrepancies  between  the  New  York  and  Pennsylvania  dis- 
trihntion,  nothing  ap])ears  in  the  volume  to  discredit  the  detailed 
sections  given  by  ^Professor  White,  one  of  the  best  and  most 
drcful  geological  observers  on  the  survey. 

3.  Das  Antlitz  der  Erde,  von  Eduard  Sukss,  mit  Abbildungen 
and  Kartell skizzen.  Erste  Abtheilung*  310  pp.  large  8vo.  1888. 
Prag  (F.  Tempsky)  and  Leipzig  (G.  Freytag). — Tlie  present  vol- 
ome  forms  the  tirst  of  three  parts  of  which  it  is  announced  that 
the  complete  work  will  consist.  The  whole  subject,  after  the 
introduction,  is  to  be  discussed  under  four  heads,  entitled — (1)  The 
movements  in  the  outer  rock-crust  of  the  earth,  (2)  The  mountains 
of  the  earth,  (3)  The  changes  of  the  form  of  the  surface  of  the  sea, 
(4)  The  face  of  the  earth.  Under  this  last  division  the  subject  mat- 
ter in  the  preceding  parts  will  be  brought  together  and  discussed 
iiid  the  existence  of  groat  transgressions  of  the  sea  in  early  times 
explained.  The  book  will  close  with  observations  on  the  distri- 
bution of  organic  life  on  the  surface  of  the  planet. 

The  preceding  statements,  taken  from  the  prospectus,  will 
^hrt^^  the  scope  of  the  work,  as  it  is  to  be  finally  completed.  The 
volume,  now  published,  embraces  tlic  first  and  part  of  the  second 
division  of  the  subject  as  above  defined.  The  author  opens  the 
discussion  with  some  general  statements  as  to  the  grand  features 
of  the  earth,  calling  attention  to  the  wedge  shape  which  charac- 
terizes the  outline  of  the  bodies  of  dry  land,  and  questioning  tho 
crtiTcctness  of  the  view  accepted  by  many  as  to  the  essentially 
anchanged  relation  of  land  and  sea  since  tlie  early  history  of  the 
pbnet.  He  speaks  further  of  the  Pacijir  tifpe  as  characterized  by 
igenend  correspondence  between  thecourse  of  the  monnijiin  chains 
md  the  ocean  coast  line,  and  the  Atlantic  type.,  characterized  by  a 
vaiit  of  correspondence  in  these  respects.  'Fhe  In<lian  Ocean  and 
the  neighboring  land  is  regarded  as  belonging  to  the  Atlantic 
type,  the  boundary  between  it  an<l  the  Pacific  region  to  the  east 
extending  from  tlie  Bt?ngal  depression  northwest  to  the  outer 
chains  of  the  Himalaya,  follows  then  the  Indus  to  its  mouth, 
along  the  Persian  Gulf  and  the  course  of  the  Euphrates,  and 
finally  in  complex  relations  westward  through  Morocco  to  the 
Atlantic  coast  of  Africa. 

lu  taking  up  the  discussion  of  the  first  division  oftlie  subject  — 
the  movements  in  the  outer  rock-enist  of  the  earth — the  author 
linst  turns  to  the  Flood,  tu  which  he  <levoles  sonje  70  pages,  re- 
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garding  it  as  deserving  this  prominence  as  being  the  most  in 
portant  natural  catastrophe  of  which  there  is  any  written  recorc 
Without  following  him  in  his  examination  of  the  biblical  an< 
other  records,  and  of  more  recent  phenomena  in  the  same  regio] 
which  bear  upon  it,  it  is  worth  while  to  note  his  conclusion,  viz 
that  the  Flood  was  an  event  confined  to  the  lower  Euphratei 
consisting  in  an  extended  and  devastating  overflow  of  the  Mesc 
potamian  depression,  the  essential  cause  of  which  was  a  grea 
earthquake  in  the  region  of  the  Persian  Gulf  or  south  of  this,  an< 
that  during  the  time  of  the  most  violent  shocks  a  cyclone  proba 
bly  broke  in  from  the  Persian  Gulf  on  the  south. 

A  second  chapter  takes  up  in  detail  several  regions  which  havi 
been  liable  to  earthquake  shocks.  These  are :  (1)  the  northeasten 
Alps,  in  which  the  phenomena  are  not  connected  with  a  volcano 
(2)  Southern  Italy,  where  volcanoes  are  present  but  not  situate^ 
in  a  general  line,  although  their  connection  with  the  shocks  cai 
be  recognized  ;  (3)  ('(jutral  America,  where  earthquakes  are  fr^ 
quent  though  not  known  with  exactness,  where  the  peculi^ 
arrangement  of  the  volcanoes  shows  of  itself  the  position  of  th( 
great  lines  of  disturbance ;  (4)  West  coast  of  South  America,  ijj 
which  a  question  of  especial  importance  comes  up  as  to  the  elevn. 
tion  of  the  land  in  connection  with  earthquakes — a  question 
which  the  author  decides  in  the  negative. 

The  third  chapter  discusses  the  general  topic  of  dislocations  in 
the  earth's  crust.  The  cause  of  these  is  found  in  the  movements 
produced  by  the  diminution  in  the  volume  of  the  earth  giving 
rise  to  (1)  tangential  and  (2)  radial  strains,  of  which  the  firnt 
tend  to  produce  horizontal  and  the  second  vertical  movements. 
The  dislocations  are  discussed  under  these  two  'heads.  First,  diB- 
locations  caused  by  tangential  movement ;  here  numerous  interest- 
ing examples  are  given  of  the  folding  over  of  strata,  as  in  the 
Alps;  secondly,  dislocations  pro<luced  hy  sinking,  for  an  example 
of  which  thi*  author  turns  lo  the  structun?  of  the  Plnteau  region  of 
Utah  as  (h'scribed  by  Dulton,  finally,  dislocations  due  to  the  two 
causes  united,  of  both  tangential  niovemeiU  and  sinking. 

In  the  fourth  chapter  the  subject  of  volcanoes  is  taken  up,  the 
special  object  being  to  follow  out  the  gradual  uncovering  and 
destruction  i»f  a  volcanic  niomitain — or  to  investigate  ?  so-called 
denudation-series.     This  series  is  trace«l  from  the  recent  volcanoes 
of  Central  America,  not  yet  a  century  old,  together  with  those 
like  Stromboli  and  Kilauea  which  are  in  continuous  activitv;  to 
the  volcanoes  which  have  frequent  eruptions,  as  Vesuvius,  Etna, 
or   less   frecpient  as  Isehia,  and   still   further   to  those  of   whose 
eruptions  history  gives  no  certain  account,  but  which  still  retain 
the  cinder  cone,  as  the  Puys  ot"  Auvergne;   next  come  volcanoes 
which  have  been   partially  re(luee<l  to  ruins,  retaining  only  the 
skeleton  of  the  cinder  (rone;  then  those  cases  in  which  the  lateral 
intrusion  or  injection  of  acid   lavas  has  become  visible  as  in  th< 
Henry  Mountains;  and  further  till  the  rock  masses  of  the  depth; 
are  laid  bare  along  the  several  lines  of  outbreak,  or  if  the  uncovei 
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ing  has  gone  still  further  till  the  connection  with  the  common 
opening  is  visible;  and  finally  to  masses,  '^  bathoHths,"  which  never 
reached  the  surface  in  fluid  condition  but  which  solidified  in  the 
depths,  and  of  which  evidence  is  sometimes  had  in  the  altered 
strata  which  formed  a  part  of  the  original  covering.  The  author 
thus  passes  from  the  ash  <lcpoflits  of  the  present  to  the  granite 
[      masses  of  the  Erzgebirge  and  the  Draininen  granite  of   Norway, 

ind  to  the  complex  relations  of  the  granites  i»t'  the  Alps. 
Tlie  conclndnig  chapter  is  devoted  to  the  diiferent  classes  of 

earthquakes,  and   their  relation  to   earlier   and    more   extensive 

movements  in  the  earth's  crust. 
This  memoir  by  Professor  Suess  promises,  when  completed,  to 

be  au  important  contribution  to  geological  science.     The  author's 

extensive  reading,  to<jether  with  his  personal  observations,  gives 

him  a  wide  and  varied  range  of  illustrations,  which  add  much  to 

the  interest  oi  his  writings. 

4.  UnconformahilHy  bettreen  the  Upper  and  Lower  Silurian 
formations  in  Xew  Jersey^  hearing  on  the  question  as  to  the  limits 
of  tht  Green  Mountain  disturbance,  (Letter  from  Prof.  G.  H. 
6k)k  to  J.  I).  Dana,  dated  New  Bruns  vick,  N.  J.,  Jan.  12,  1884.) 
—I  notice  in  vour  comments  on  tlie  Pennsylvania  Geological 
Report,  D3,  vol.  i,  in  the  last  number  of  the  Jounial  of  Science, 
the  remarks  on  the  unconfonnability  of  the  Hudson  River  and  the 
Ooeida  conglomerate  rocks.  In  our  Geology  of  New  Jersey, 
1868,  p.  135,  is  a  wood  cut  made  to  sliow  the  unconfonnability 
of  the  two  roeks  at  Otisx  ille.  This  was  made  from  a  sketch 
drawn  on  the  spot  in  1867.  The  various  localities  about  Uondout 
have  undoubte<lly  the  best  exposures  for  seeing  the  unconfonn- 
ability of  these  Upper  and  l^ower  Silurian  rocks.  Professor 
Smock  and  myself  examined  them  in  1807,  when  we  were  looking 
for  good  examples  to  show  the  relation  of  these  rocks  to  each 
other  in  New  Jersey. 

5.  General  Geological  Map  of  the  area  explored  and  mapped 
by  Dr.  I\  F]  Hat/deny  from  the  surveys  under  his  charge,  1869  to 
1880. — This  handsome  geological   map  represents  by  colors  the 
areas,  severally,  of  the  Tertiary,   Post-Cretaceous   or   Laramie, 
Cretaceous,   Jura-Trias,  Carboniferous   and   Silurian    formations, 
with  those    covered   by   metamorphic    (mostly,'  if    not    wholly, 
Archaean)  and  by  volcanic  rocks,  between  the  meridians  of  lOO* 
W.  and  1 1  O^'-l  12**  W.,  and  the  parallels  of  36°  and  48°  N.     It  is 
made  from''the  investigations  carried  on  by  tlie  expeditions  under 
Dr.  Hayden,  with  corrections  for  parts  '*  covered   by  reconnois- 
laiice  only,"  "  to  some  extent  by  the  work  of  other  expeditions.'* 
It  is  a  chart  of  great  interest,  giving  the  first  satisfactory  connec- 
ted view  of  the  geological  formations  over  this  most  important 
part  of  the  Rocky  Mountain    region;   and    Dr.    Ilayden    merits 
much  for  the  part  he  has  taken  in  the  work,  the  results  of  whicli 
are  here  so  finely  displayed.     The  scale  of  the  map  is  1 :  2,600,000, 
or  41*03  miles  to  the  inch. 

6.    .Emeralds  from    North    (\frolina.  —  At   a   recent   meeting 
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(January  7),  of  the  New  York  Academy  of  Sciences,  Mr.  George 
F.  Kunz  exhibited  some  specimens  of  emerald  collected  by  Mr.  J. 
A.  D.  Stephenson,  of  Statesville,  North  Carolina.  Mr.  Stephen- 
son says  of  them :  "  These  emeralds  occur  on  the  property  of  Mr. 
J.  ().  Lackey,  about  one  mile  southwest  of  the  Emerald  and  Hid- 
denite  Mining  Company's  property,  Stony  Point,  North  Carolina, 
a  short  distance  from  the  Lyons  property  (Smeaton's),  and  are 
found  in  a  vein  of  black  decomposed  mica  associated  with  quarti 
crystals,  common  rutile  and  hiddenite.  I  consider  the  locwty  a 
promising  one,  although  there  has  been  very  little  work  done  as 
yet."  Mr.  Kunz  stated  that  the  lot  received  by  him  consisted  of 
33  crystals,  from  half  an  inch  to  two  inches  in  length,  in  color 
varying  from  colorless  to  a  light  emerald  green,  and  nearly  all 
had  the  curious  saw  markings  in  considerable  number  on  each 
vertical  edge  of  the  prism,  and  some  contained  single  crystals  of 
rutile.  Mr.  Kunz  called  attention  to  the  interest  attaching  to 
these  crystals  in  the  fact  that  they  were  found  at  some  distance 
from  the  Emerald  and  Hiddenite  Company's  property,  and  that 
between  these  there  is  the  Lyons  property  on  which  Mr.  Smeaton 
found  the  same  minerals,  showing  that  the  deposit  is  not  an  acci- 
dental one,  and  that  there  is  encouragement  for  future  work  in 
this  section  of  the  State. 

7.  Tourmaline  from  Auburn,  Maine  ;  by  Wm.  Earl  ELiddkn. 
(Communicated). — Transparent  tourmalines  having  the  following 
planes,  viz: — iJ,  O,  -i,  ^3,  /and  t-2  have  been  found  in  consid- 
erable numbers  at  this  new  locality.  The  colors  are. pale  shades 
of  blue,  green  and  pink,  all  these  shades  often  present  in  the 
same  crystal.  The  common  form  is  a  trihedral  prism  with 
rounded  faces,  terminated  solely  by  the  rhombohedron— -J^,  and 
the  scalenohedron— J*.  Not  rare  are  crystals  wholly  terminated 
by  i*,  which  type,  that  of  an  acute  peak,  is  new  to  the  species. 
The  faces  are  unusually  smooth  and  bright  for  tourmalines.  The 
following  angles  were  obtained  (with  a  hand  goniometer),  and 
are  very  nearly  correct,  viz:=  — ^A  — ^  =  133®,  —  iAi-2=113"  30', 
t.2Ai3=142^  30',  ^3/^^^3  —  112°  and  1 49**  30',  i-2  A /?=  1 28°  80'. 
Hemimorphic  crystals,  consisting  of  the  single  plane  O  at  one 
extremity,  and  with  —  ^,  \^  and  R  at  the  other  end  were  found. 
Gems  of  pale  colors  could  have  been  cnt  from  many  of  the  crys- 
tals. For  their  crystallographic  interest  alone,  aside  from  their 
beauty,  they  merit  a  place  in  every  cabinet.  The  crystals  varied 
in  size  from  those  of  3"^"  in  diameter,  and  2*^"^  in  length,  to  those 
of  1^"'  in  diameter,  and  3^™  in  length.  A  few  very  remarkable 
crystals  were  5  to  8*^'"  long.  Associated  with  them  was  some  little 
cassiterite,  considerable  lepidolite,  in  unexampled  crystals,  and 
much  quartz  and  cookeite.  A  single  crystal  of  columbite,  of  3 
grams  weight,  was  quite  equal  in  polish  and  in  richness  of  planes 
to  those  from  Standish,  Alaine.  The  locality  promises  to  be  of 
financial  importance  regarding  the  production  of  material  for 
gems.  The  pocket  was  much  decomposed  and  nearly  all  the 
crystal  contents  were  in  detached  pieces,  or  in  broken  fragments. 
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It  18  to  Mr.  Nathan  H.  Perry,  of  South  Paris,  Me.,  that  we  are 
iodebted  for  discovering  and  bringing  to  oar  notice  this  valuable 
locality.  As  early  as  1868,  Mr.  O.  C.  Hatch  had  found,  while 
enltivating  his  farm  in  Auburn,  a  small  bowlder  containine  tour- 
malines, but  nothing  of  interest  was  discovered  until,  in  July  last, 
Mr.  Perry  found  and  opened  up  the  pockets  whose  contents  are 
ibove  described. 

III.   Botany  and  Zoology. 

1.  Botanical  FragmenU ;  by  Sir  Chaelks  J.  F.  Bunburt, 
Bart.,  F.R.S.,  etc.  London,  1883. — A  handsome  volume  of  370 
pages,  8yo  (including  a  full  index),  printed  by  Spottiswoode  & 
Co.,  which,  although  not  published,  and  therefore  known  only  to 
a  limited  circle,  is  from  beginning  to  end  so  thoroughly  readable 
and  instructive  that  it  ought  not  to  pass  unnoticed.  Two  or  three 
of  the  six  articles  it  contains,  or  parts  of  them,  have  already 
appeared,  one  of  them  in  the  Transactions  of  the  Linnean  Society, 
I  good  while  ago.  The  others  are  new,  although  based  upon 
observations  and  notes  made  when  this  veteran  observer  was 
younger  than  he  now  is.  The  first  essay  is  upon  the  '^  Influence  of 
the  Chemical  Composition  of  Rock  on  Vegetation.  The  second, 
on  some  characteristics  of  South  American  Vegetation ;  and  this 
is  followed  by  Notes  on  the  Vegetation  of  Brazil,  and  by  Notes 
on  the  Vegetation  of  Buenos  Ayres  and  the  neighboring  districts; 
vhile  the  fifth  essay  gives  a  similar  and  detailed  account  of  the 
Vegetation  of  the  Cape  of  Good  Hope.  These  papers  describe 
the  aspect  and  general  characteristics  of  these  several  floras,  as 
they  strike  the  botanical  observer,  and  in  such  a  clear  and  natural 
way  that  the  reader  may  almost  fancy  himself  as  traversinii:  the 
ground  with  a  well-instructed  companion.  Moreover,  the  notes 
are  Dot  restricted  to  personal  observations  on  the  spot,  but  have 
been  collated  even  with  the  most  recent  authorities.  We  know 
of  no  one  who  in  our  day  has  written  such  excellent  and  well- 
delineated  sketches  of  vegetation,  bringing  to  view  not  only 
aspect  and  general  features,  but  also  botanical  characteristics, 
lu  his  herborizations  at  the  Cape  of  Good  Hope  the  author 
had  the  companionship  of  the  late  Professor  Harvey,  then  resid- 
ing there.  The  last  essay,  on  the  Characters  of  Leaves,  reviews 
the  leading  peculiarities  of  the  foliage  in  the  principal  Dicotyle- 
donous plants,  and  concludes  'Hhat,  although  in  several  instances 
the  affinities  of  plants  may  at  least  be  guessed  from  their  leaves, 
this  will  seldom  hold  good  throughout  any  large  order,  however 
natural."  a.  «. 

2.  Illustrated  Descriptive  Catalogue  of  American  Grape 
Vines^a  Grape  Growers'*  Manual ;  by  Hush  &  Son  and  Meiss- 
XER.  Third  ed.  St.  Louis,  Missouri,  pp.  153,  8vo. — This  is  a 
wonderfully  full  account  of  the  Grapes  of  the  United  States,  wild 
lod  cultivated.  The  history  of  the  cultivated  varieties  or  forms, 
tnd  the  species  from  which  they  have  been  derived,  are  succinctly 
indicated.     As  to  the  indigenous  forms,  this  third  edition  of  the 
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catalogue  is  made  more  valuable  to  the  botanist,  as  well  ae  to 
cultivator,  by  Dr.  Engelmann's  revised  and  largely  new  acco 
of  the  True  Grape- Vines  of  tlio  United  States,  now  brought  u| 
thirteen  species.  The  latest  accession  is  of  a  very  old  spec 
Vitia  palmata  of  Vahl,  described  in  few  words  by  this  aat 
from  a  plant  which  was  cultivated  in  the  Jardin  des  Plantes 
Paris,  perhaps  a  hundred  years  ago,  which  was  also  recogni 
as  a  species  by  the  elder  Michaux  at  the  beginning  of  this  < 
tury  (for,  although  unpublished,  it  exists  in  his  herbarium  as 
rubra,  but  was  merged  by  the  witer  of  his  Flora  in  the  nes 
allied  V,  riparia),  he  having  collected  specimens  on  the  bankf 
streams  in  Illinois.  Finally  it  has  been  detected  by  Mr.  Egj 
of  St.  Louis,  on  the  banks  of  the  Mississippi,  above  that  toi 
and  Dr.  Engelmann  has  in  this  revision  fixed  its  eharact 
Michaux's  name  must  have  been  suggested  "by  its  bright 
branches,  from  which  the  bark  separates  in  large  flakes."  ] 
the  identiiication  of  all  the  species.  Dr.  Engelmann  adds  a  se^ie^ 
figures  of  seeds,  thirty-three  in  number,  in  outline,  of  natural  s 
and  a  magnified  view  of  the  chalazal  face  of  each,  all  drawn 
scale.  Considering  the  part  which  the  American  vinos  are  to  p 
in  the  future,  it  is  fortunate  that,  at  this  early  period  of  their  c 
tivation  and  inter-breeding,  and  while  they  can  be  referred  b; 
to  their  wild  types,  they  have  been  subjected  to  the  close  « 
prolonged  scrutiny  of  such  a  critical  investigator  as  Dr.  Enp 
mann,  and  that  he  has  taken  care  to  publish  successive  raoi 
graphical  revisions,  setting  forth  his  latest  additions  to  the  sto 
of  knowledge,  which,  from  first  to  last,  we  mainly  owe  to  him. 

A.   G. 

3.  The  Laic  of  Heredity :  A  Study  of  the  Cause  of  Var^ 
tion  and  the  Oriyin  of  Living  OnjaniAms,  By  W.  K.  Hrooi 
Associate  in  Biology,  Johns  Hopkins  University.  Baltimore: 
Murphy  &,  Co.  188:^.  pp.  336,  12mo.— This  small  but  full  hoc 
which  we  hasten  to  announce  rather  than  to  review,  is  perha 
the  most  considerable  and  the  most  ambitious  contribution  to  t 
doctrine  of  the  development  of  species  which  has  appeared  in  tl 
country.  A  discriminating  and  thorough  critical  notice  of 
could  not  be  given  in  small  space,  and  would  require  an  amount 
time  and  consideration  which  we  cannot  now  afford.  Heredity 
the  leading  word  of  the  title;  but  the  second  part  of  the  til 
gives  the  key  to  the  essay.  It  is  a  supplement  to  Darwinism 
the  speculative  side,  a  contribution  by  a  trained  zoologist  a' 
comparative  anatomist,  with  a  genius  for  speculation,  to  wli 
may  be  called  molecular  biology.  The  author  understands  nal 
ral  selection — its  weak  points  as  well  as  its  strong  ones — ^is  nai 
rally  attracted  to  pangenesis,  and  has  built  upon  it  his  new  thco 
of  heredity;  we  should  say  rather  of  the  cause  or  origin  of  var 
tion.  This  is  developed  and  expounded  with  a  great  wealth 
illustration.  The  hypothesis  is  woven  of  the  same  tenuous  ma 
rial  which  forms  the  staple  of  Darwin's  pangenesis ;  but  it  seei 
to  be  better  adapted  for  wear  than  the  original  fabric.     Darw 
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liiiDselfy  who  appears  not  to  have  set  great  store  by  his  own  con- 

eeption,  would  have  hailed  Mr.  Brooks's  version  of  it  as  an  improve- 

menL     He  woald  have  pounced  at  once  upon  tlie  fact  (which  the 

iQthor  announces  and  hopes  to  act  upon),  that  a  leading  point  in 

the  new  hypothesis — the  idea  that  in  reproduction  variation  is 

given  by  the  male  element — may  be  experimentally  tested  by  the 

crt»S8-breeding   of  plants.     If  it  stands  that  test,  there  will  be 

something  tangible  for  the  hypothesis  to  rest  upon.     But  it  will 

not  be  easy  to  prove  that   variation,   commonly  originating  in 

reproduction,    but    sometimes   without   it,   is   due   to  the   male 

element. 

The  proof-reading  of  this  volume  has  been  negligent,  names  of 
persons  are  sometimes  wrongly  written  (Vilmorin  is  hardly  recog- 
nizable as  Vilmore);  in  a  great  gathering  of  facts  some  question- 
ible  ones  find  a  place;  and  now  and  then  there  is  an  opinion  or  a 
bit  of  reasoning  that  may  be  assailed.  a.  g. 

4.  Reports  on  the  Results  of  Dredging  under  the  Supervision 
of  A,  Agassiz  in  the  Gulf  of  Mexico  (1877-8),  in  the  Caribbean 
*a  (1878-9),  and  along  the  U,  S,  Atlantic  Coast  (\SSO\  by  the 
Coast  Survey  Steamer  Blake. — Report  on  the  Echini  by  A. 
Agassiz.  94  pp.  4to,  with  32  plates.  Memoirs  of  the  Mus. 
Compar.  Zool.  at  Harvard  College,  vol.  x.  No.  1. — Besides  the 
descriptions  and  admirable  plates  of  this  Report,  it  contains  a 
hrief  chapter  on  the  Origin  of  the  West  Lidian  {^Caribbean) 
Eehinid  Fauna^  from  which  the  following  is  taken.  The  deep- 
let  fauna  of  the  Caribbean  sea  and  Mexican  gulf  is  far  more 
closely  allied  to  that  of  the  Pacific  than  to  that  of  the  Atlantic ; 
and  this  is  attributed  to  a  connection  between  the  oceans  before 
the  Cretaceous  period  ireer  than  that  with  the  Atlantic,  Many 
of  the  Pacific  genera  remain  until  now  unchanged;  while  Atlantic 
types  have  been  added  that  previously  found  less  favorable  condi- 
tions for  their  development  than  those  which  now  exist.  The  view, 
besides  explaining  the  mixed  character  of  the  fauna,  also  shows 
that  the  time  elapsed  since  the  separation  of  the  oceans,  however 
long,  has  not  been  sufficient  to  effect  any  very  radical  change  in 
the  £x;hinid  fauna  of  the  two  sides  of  the  Isthmus.  Physical 
conditions,  the  author  observes,  are  so  nearly  alike  on  the  two 
sides  that  little  change  should  be  expected  from  this  source,  and 
that  which  occurred  appears  to  be  due  mainly  ti)  immigration. 

The  Eehinid  fauna  of  the  West  Indies  comprises  more  than 
a  quarter  of  all  known  species ;  and  out  of  it,  6  genera  date  back 
tD  the  Jurassic ;  10  to  the  Cretaceous ;  24  to  the  early  Tertiary ; 
and  only  4  to  the  later  Tertiary.  Seven  of  the  genera  are  repre- 
sentatives of  the  AnanchytidcB  and  Infulasteridce  and  of  the 
heudodiademidcB  of  the  Cretaceous  period. 

The  great  equatorial  oceanic  current  is  supposed  by  the  author 
to  have  probably  swept  nearly  uninterruptedly  around  the  globe 
previous  to  the  close  of  the  Cretaceous  era;  and  from  that  time 
"the  specialization  of  the  great  Atlantic  and  Indo- Pacific  marine 
realms  began."    The  marine  life  of  the  Jurassic  and  Cretaceous 
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periods  about  Great  Britain  has  been  thought  to  show  that  the 
Gulf  Stream  was  probably  flowing  northward  then  as  now  and 
producing  niniilar  eilects  on  British  climate.  This  is  not  inconsist- 
ent with  the  conchision  above  rited ;  since  the  connection  between 
the  Gulf  and  Atlantic,  according  to  Mr.  Agassiz's  deduction,  wm 
imperfect  enough  to  have  interfered  much  with  the  transfer  of 
deep-sea  life  from  one  to  the  other,  which  condition  would  have 
required  that  the  depth  between  the  two  should  not  have  exceeded 
7t5  or  100  fathoms,  and  in  that  case  there  would  have  been  an 
Atlantic  as  well  as  a  Pacific  branch  to  the  so-called  Gulf  Stream. 

5.  Glyptocrinus  re'dejined  and  restrict^dy  GauroiTinuSy  PyC' 
7iocrini(8  and  (JoynpsorrtHua  established  and  two  netc  species  de- 
scribed by  S.  A.  MiLLKK.  Jour.  Cincinnati  Soc.  Nat  Hist.,  vi, 
Dec,  1883. — The  following  observations  on  the  vault  of  Glypto- 
crinus decadacti/lus  are  from  this  paper,  the  author  of  which  haa 
in  his  collection  all  the  species  of  the  genus  excepting  two  from 
th»*  Trenton  and  Hudson  River  group.  They  are  from  a  letter 
on  the  paper  received  from  the  author. — The  vault  in  this  species 
is  slightly  convex  in  the  central  part  and  undulating  toward  each 
interbrachial  area.  It  is  composed  of  very  numerous  plates. 
Tliose  in  the  central  part  are  the  larger  ones  and  each  bears  a 
central  tubercle  or  spine.  Toward  the  margin  the  plates  are 
snmller  and  possessed  of  slight  convexity.  They  unite  in  the 
depressions  in  the  interbrachial  areas  with  the  plates  of  the  calyx^ 
or  rather  the  interradials  graduate  through  the  interbrachials  to 
the  plates  of  the  vault  without  any  line  of  separation.  The  plateft 
are  smaller  as  they  approach  the  mner  face  of  the  arms  over  the 
swelling  undulations  of  the  vault,  and  gradually  decrease  in  aiie 
and  form  a  continuous  granular  integument  that  covers  the  inner 
sides  of  the  ambulacral  furrows.  This  continuation  of  the  yault 
up  the  inner  side  of  the  arms  I  have  observed  for  more  than  an 
inch  above  the  vault,  and  have  specimens  at  hand  illustrating  it^ 
and  entertain  no  doubt  that  it  extended  as  far  as  the  arm  furrows 
themselves.  The  pinnules  do  not  cover  the  arm  groove,  but. 
become  free  upon  each  side  of  it,  leaving  an  angular  roof  betweei^ 
them  which  represents  the  extension  of  the  ))late8  of  the  vault. 

Wachsmuth  and  Springer  say  (Revision  of  the  PalsBocrinoide^^ 
p.  25) :  **  It  is  important  to  note  that  in  those  genera  in  whicl^ 
the   ambulacral   groove   is   thus   covered,   no    regular    pinnal^^ 
have  ever  been  observed,  and,  moreover,  the  construction  is  saoli 
that  no  additional  pinnuhe  could  have  existed ;  while  on  the  other 
hand,  no  covering  has  ever  been  discovered  with  true  pinualie  '^ 
and,  finally,  they  come  to  the  conclusion  that  the  plates  covering 
the  ambulacral  groove  were  homologous  with  the  pinnulsB,  or  ag 
they  say,  "  in  fact  rudimentary  pinnulai." 

I  do  not  understand  how  or  why  pinnules  should,  in  any  caae, 
act  as  a  covering  to  the  ambulacral  groove,  and  I  have  never 
seen  any  evidence  of  their  performing  such  a  iiinction,  and  can 
distinctly  disprove  it  by  specimens  belonging  to  several  differeot 
genera. 
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The  mouth  (as  I  regard  it)  of  G.  decadactylus  is  situated  sub- 
centrally.  It  appears  as  a  subcircular,  rounded  elevation  com- 
posed of  plates  imbricating  toward  the  center,  while  a  tew  of  the 
tarrounding  plates  have  rather  long  spines  inclined  toward  the 
central  part  of  the  orifice.  This  imoricating  arrangement  of 
plates  does  not  occur  in  any  other  part  of  the  body,  and  is  quite 
nniqae  and  peculiar.  The  vault,  I  believe,  has  never  before  been 
described,  though  parts  of  it  have  been  known  for  many  years 
ind  fragments  are  not  rare. 

6.  TAtf  Aitk^  a  Quarterly  Journal  of  Omitholofjy.  Vol.  I,  No. 
1,  January,  1884.  Editor,  J.  A.  Allen  ;  associate  editors,  E. 
CouES,  R.  RiDGEWAY,  W.  Brewstek  and  M.  Chamberlain.  108 
pp.  8vo.  Boston,  Mass.  Ptfblished  by  Estes  &  Lauriat  for  the 
Uraithological  Union.  Continuation  of  the  Bulletin  of  the  Nuttall 
Ornithological  Club.  Price  $3.00  a  year. — This  Journal  has  the 
best  of  American  ornithologists  in  its  editorial  corps.  It  promises, 
18  its  papers  show,  to  be  attractive  to  the  popular  reader  as  well 
IS  to  the  scientific,  and  should  have  a  large  circulation. 

IV.  Miscellaneous  Scientific  Intelligence. 

1.  The  proposed  Conference  of  Electricians  at  Philadelphia, — 
In  order  to  secure  the  advantage  of  holding  the  proposed  Inter- 
Dttional  Electrical  Exhibition  in  Philadelphia  in  September  coin- 
eidently  with  the  meeting  of  the  American  Association  for  the 
Advancement  of  Science  and  the  anticipated  visit  of  the  British 
Association  to  the  city,  the  Franklin  Institute  has  appointed  a 
special  committee  to  confer  with  scientific  men  as  to  the  best 

.     method  to  be  adopted  in  order  to  make  the  conference  a  success. 
To  defray  the  expense  of  such  conference,  a  bill  has  been  pre- 
pared asking  for  a  small  appropriation  from  Congress.     Scientific 
I     men  interested  in  the  measure  are  earnestly  requested  to  give  it 
f     all  the  aid  in  their  power.    Communications  on  the  subject  should 
I     be  addressed  to  the  Committee,  which  consists  of  M.  B.  Snyder, 
I     Edwin  J.  Houston,  William  H.  Wahl,  with  Wm.  P.  Tatham, 
President  of  the  Franklin  Institute. 

2.  Bust  of  Liebig, — Copies  of  the  celebrated  bust  of  the  late 
Prof.  Liebig  which  the  sculptor,  Prof.  Wagmttller,  made  in  1872, 
and  which  is  considered  the  best  extant,  are  to  be  obtained  from 
the  widow  of  the  latter.  The  price  in  gypsum  is  *6  ;  in  imitation 
bronze,  $8  ;  including  packing.  Frau  Prof.  Wagmuller, 

Bayerstrasse  25,  MUnchen  (Munich). 

Repertorium  der  D«ut8chen  Meteorologie.  Lcistungen  der  Deutschen  in 
8diriften,  Eiflndungen  und  Beobachtungen  aiif  dem  Gebiete  der  Meteorologie 
imd  des  Erdmagnetismus,  von  den  altesten  ZeiteD  bis  zum  Schlusge  des  Jahres 
1881;  von  C.  Hellmann.  995  pp.  large  Svo.  Leipzig,  1883  fW.  Engelmann). — 
Ad  invaluable  bibliography  to  aU  who  are  interested  in  meteorology  and  terres- 
triil  magnetism,  and  who  would  be  acquainted  witb  its  historical  development. 

Lehrbuch  der  yergleicheDden  Anatomic  der  Wirbelthiere  auf  Grundlage  der 
Entwicklungsgeschichte,  bearbeitet  von  Prof.  Dr.  Robert  Wiedersheim,  Director 
der  anatomischen  und  vergl.  Institutes  der  Universitat  Freiburg,  etc.  2nd  (and 
condading)  Part,  with  261  wood-cuts. 
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General  Andrew  A.  Humphreys. — Brigadier-General   An 
drew  Atkinson  HimiphreyK  died  in  Washington,  on  the  28th  o1 
November  last,  in  the  seventy-fourth  year  of  his  age.     General 
Humphreys  was  graduated  at  West  Point  with  the  rank  of  Second 
Lieutenant  on   July   1,   1831.     After  active   service   in   the  wai 
against  the  Cherokee  Nation  in  Florida,  and  in  the  Seminole  wai 
in  1836,  he  entered  the  service  of  the  United  States  as  a  eivi! 
engineer,  to  assist  Major  Bache  on  the  plans  for  the  Brandy  wine 
Shoal  Light-house  and  the  Crow  Shoal  Breakwater,  Delaware  Bay 
and  he  was  engaged  in  this  work  until  July  7,  1838,  when  he  wai 
reappointed  to  the  army  with  the  rank  of  First  Lieutenant,  Corp« 
of  Topographical  Engineers.     From  i  844  to  1 849  he  was  in  charge 
of  the  Coast  Survey  office  at  Washington.     The  topographic  and 
hydrogniphic  survey  of  the  delta  of  the  Mississippi  River  wai 
carried  on  under  his  direction  in   J  849-50,  and  he  had  genera' 
charge  of  this  work  until  1851.     After  a  year  spent  in  Europe  it 
examining  the  means  for  protecting  deltas  from  inundation,  he 
was  placed  in  general  charge,  under  the  War  Department,  of  the 
office  duties  at  Washington  coimected  with  the  explorations  and 
surveys  for  railroads  from  the  Mississippi  River  to  the  Pacific, 
and  geographical  explorations  west  of  the  Mississippi,  a  position 
which  he  ably  filled  until  the  breaking  out  of  the  civil  war  in  1861. 
During  the  war  of  1861-65,  he  was  in  active  duty  in  the  field,  and 
was  made  brevet  Brigadier-General,  on  March  13, 1865,  for  gallant 
and  meritorious  services  at  Gettysburg,  and  brevet  Major-General, 
United  States  Army,  on  the  same  day,  for  his  services  at  Sailor's 
Creek.    On- June  27,  1865,  he  was  placed  in  command  of  the  Mili- 
tary District  of  Pennsylvania,  in  the  Middle  Department,  a  com- 
mand which  he  held  until  Dec.  9,  \^en  he  was  assigned  to  his  old 
engineering  work,  being  ])laced  in  charge  of  the  examination  of  the 
Mississippi  levees,  a  work  which  occupied  him  until  Aug.  8, 1866, 
when  he  was  placed  in  command  of  the  Corps  of  Engineers  and 
in  charge  of  the  Engineer  Bureau,  in  Washington,  and  promoted 
to  the  lull  rank  of  Brigadier-General  and  Chief  of  Engineers. 

General  Humphreys  remained  at  the  head  of  the  Engineer  Bu- 
reau of  the  army  until  June  30,  1879,  when  he  was  retired  at  his 
own  request.  Colonel  Horatio  G.  Wright  succeeding  him.  Du^ 
ing  his  service  as  commander  of  the  Engineer  Corps  he  also  served 
on  many  important  commissions,  among  which  were  the  commis- 
sion to  examine  into  the  canal  routes  across  the  Isthmus  of  Pan- 
ama, from  1H72  to  1H77,  the  Board  on  Washington  and  Georffe- 
town  Improvements,  the  Kevising  Boards  for  Bulkhead  and  Pier 
Line  of  Brooklvn,  of  Staten  Island,  and  of  the  Hudson  River;  the 
Board  for  the  Survey  of  Baltimore  Harbor  and  Adjacent  Waters, 
and  the  Washington  Monument  Commission.  His  most  import- 
ant Report  is  the  great  work  on  the  "  Physics  and  Hydraulics  of 
the  Mississippi,"  prepared  by  him  in  conjunction  with  Ijieutenant 
H.  L.  Abbott.  He  was  the  author,  also,  of  a  volume  on  the 
"Campaigns  of  the  Civil  War."  He  received  the  degree  of 
LL.D.  from  Hai-vard,  in  1868. 
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r.  XXI.  —  Principal  Characters  of  American  Jurassic 
inosaurs  ;  by  Professor  O.  C.  Marsh.  Part  VII.  On  the 
iplodocidce^  a  neir  family  of  Hie  Sauropofia,  (With  Plates 
land  IV.) 

IE  Sauropoda  are  now  generally  recognized  by  anatomists 
well-marked  order  of  the  Sub-class  Dinosauria.  In  the 
ious  articles  of  this  series,  the  main  characters  of  the  two 
lies  of  this  order  {Atlaniosauridce  and  Morosauridoe)  already 
ed  by  the  writer  have  been  given.*  A  third  family  is 
rented  by  the  genus  Diphdocus,  a  study  of  which,  more 
[jially  of  the  skull,  throws  light  on  the  whole  group  of 
)9auriaD  reptiles. 

The  Skull. 

he  skull  of  Diplodocus  is  of  moderate  size.  The  posterior 
3n  is  elevated,  and  narrow.  The  facial  portion  is  elongate, 
the  anterior  part  expanded  transversely.  The  nasal 
ling  is  at  the  apex  of  the  cranium,  which  from  this  point 
€s  backward  to  the  occiput.  In  front  of  this  aperture, 
elongated  face  slopes  gradually  downward  to  the  end  of 
;zle,  as  represented  in  Plate  III,  figure  1. 
sen  from  the  side,  the  skull  of  Diplodocus  shows  five  open- 
:  a  small  oval  aperture  in  front  (a),  a  large  antorbital 
'i^y  (^)>  the  nasal  aperture  (c),  the  orbit  (o?),  and  the  lower 
x)ral  opening  (e)  (Plate  IV,  figure  1).  The  first  of  these 
lot  been  seen  in  any  other  Dinosaurs;  the  large  antorbital 
ity  is  characteristic  of  the  Sauropoda ;  and  the  other  three 
ings  are  present  in  all  the  known  Dinosauna. 

(is  Journal,  xvi,  411,  Nov.,  1878;  xvii,  86,  Jan.,  1879;  xxi.  417,  May. 
xxiii,  81,  Jan.,  1882;  and  xxvi,  81,  Aug.,  1883. 
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On  the  median  line,  directly  over  the  cerebral  cavity  of  th« 
brain,  the  type  specimen  of  Diphdocus  has  also  a  fontanelle 
in  the  parietals.  This,  however,  may  be  merely  an  individual 
peculiarity. 

• 

The  plane  of  the  occiput  is  of  moderate  size,  and  forms  an 
obtuse  angle  with  the  fronto-parietal  surface. 

The  occipital  condyle  is  hemispherical  in  form,  and  seen 
from  behind  is  slightly  sub-trilobate  in  outline.  It  is  placed 
nearly  at  right  angles  with  the  long  axis  of  the  skull.  It  is 
formed  almost  wholly  of  the  basi-occipital,  the  exoccipitals  en- 
tering but  slightly  or  not  at  all  into  its  composition.  The  basi- 
occipital  processes  are  large  and  rugose.  The  paroccipital  pro- 
cesses are  stout,  and  somewhat  expanded  at  their  extremities^ 
for  union  with  the  quadrates. 

The  parietal  bones  are  small,  and  mainly  composed  of  the 
arched  processes  which  join  the  squamosals.  There  is  no  trne 
parietal  foramen,  but  in  the  skull  here  figured  (Plate  HI) 
there  is  the  small  unossified  tract  mentioned  above.  lo  one 
specimen  of  Morosaurus,  a  similar  opening  has. been  observed, 
but  in  other  Sauropoda^  the  parietal  bones,  even  if  thin,  am 
complete.  The  suture  between  the  parietals  and  frontal  bones 
is  obliterated  in  the  present  skull,  and  the  union  is  firm  in  all 
the  specimens  observed. 

The  frontal  bones  in  Diplodocus  are  more  expanded  trans- 
versely than  in  the  other  Sauropoda.  They  are  thin  along  the 
median  portion,  but  quite  thick  over  the  orbits. 

The  nasal  bones  are  short  and  wide,  and  the  suture  between 
them  and  the  frontals  is  distinct.  They  form  the  posterior 
boundary  of  the  large  nasal  opening,  and  also  send  forwards 
process  to  meet  the  ascending  branch  of  the  maxillary,  thus 
forming  in  part  the  lateral  border  of  the  same  aperture. 

The  nasal  opening  is  very  large,  subcordate  in  outline,  and 
is  partially  divided  in  front  by  slender  posterior  processes  of 
the  preinaxillaries.  It  is  situated  at  the  apex  of  the  skull,  be- 
tween the  orbits,  and  very  near  the  cavity  for  the  olfactory 
lobes  of  the  brain. 

The  premaxillaries  are  narrow  below,  and  with  the  ascend- 
ing processes  very  slender  and  elongate.  Along  the  median 
line,  these  processes  form  an  obtuse  ridge,  and  above  they  pro- 
ject into  the  nasal  opening.  Each  preraaxillary  contains  four 
functional  teetl\. 

The  maxillaries  are  very  largely  developed,  more  so  than  in 
most  other  known  reptiles.  The  dentigerous  portion  is  veiy 
high,  and  slopes  inward.  The  ascending  process  is  very  long, 
thin  and  flattened,  inclosing  near  its  base  an  oval  foramen,  and 
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ing  a  large  unossified  space  posteriorly.  Above,  it  meets 
nasal  and  prefrontal  bones.  Along  its  inner  border  for 
*ly  its  whole  length,  it  unites  with  the  ascending  process  of 
premaxillary.  Each  maxillary  contains  nine  teeth,  all 
xted  in  the  anterior  part  of  the  bone  (Plate  III,  figure  IV 
.lon^  their  upper  margin,  on  the  inner  surface,  the  maxilla- 
send  off  a  thickened  ridge  or  process,  which  meets  its  fel- 
thus  excluding  the  premaxillaries  from  the  palate.  Above 
,  for  a  large  part  of  their  length,  the  ascending  processes  of 
maxillaries  underlap  the  ascending  processes  of  the  pre- 
:illaries,  and  join  each  other  on  the  median  line. 

he  orbits  are  situated  posteriorly  in  the  skull,  being  nearly 
r  the  articulation  of  the  lower  jaw.  They  are  of  medium 
,  nearly  circular  in  outline,  their  plane  looking  outward  and 
htly  backward.  No  indications  of  sclerotic  plates  have 
[1  found  either  in  Diplodocus  or  the  other  genera  of  Sauropoda. 
'he  supra- temporal  fossa  is  small,  oval  in  outline,  and 
icted  upwards  and  outwards.  The  lateral  temporal  fossa  is 
igated,  and  oblique  in  position,  bounded,  both  above  and 
)w,  by  rather  slender  temporal  bars. 

'he  pre-frontal  and  lachrymal  bones  are  both  small,  the 
ire  connecting  them,  and  also  that  uniting  the  latter  with 
jugal,  cannot  be  determined  with  certainty, 
'he  post-frontals  are  tri-radiate  bones.  The  longest  and 
It  slender  branch  is  that  descending  downward  and  forward 
connection  with  the  jugal;  the  shortest  Is  the  triangular 
jection  directed  backward,  and  fitting  into  a  groove  of  the 
amosal ;  the  anterior  branch,  which  is  thickened  and  ru- 
?,  forms  part  of  the  orbital  border  above. 
'he  squamosal  lies  upon  the  upper  border  of  the  par-occi pi- 
process.  The  lower  portion  is  thin,  and  closely  fitted  over 
head  of  the  quadrate. 

'he  quadrate   is  elongated,   slender,    with    its    lower   end 
jecting  very  remarkably  forward.     In  front,  it  has  a  thin 
le  extending  inward,  and  overlapping  the  posterior  end  of 
pterygoid. 

Phe  quadrato-jugal  is  an  elongate  bone,  firmly  attached  pos- 
orly  to  the  quadrate  by  its  expanded  portion.  In  front 
the  quadrate,  it  forms  for  a  short  distance  a  slender  bar, 
ch  is  the  lower  temporal  arcade. 

'be  palate  is  very  high  and  roof-like,  and  composed  chiefly 
he  pterygoids.     The  basi- pterygoid  processes  are  elongate, 
th  more  so  than  in  the  other  genera  of  tSauropoda, 
he  pterygoids  have  a  shallow  cavity  for  the  reception  of 
e   processes,   but  no   distinct   impression   for  a  columella. 
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Immediately  in  front  of  this  cavity,  the  pterygoids  b^in 
expand,  and  soon  form  a  broad,  flat  plate,  which  stani 
nearly  vertical.  Its  upper  border  is  thin,  nearly  straight,  at 
extends  far  forward.  The  anterior  end  is  acute,  and  unit 
along  its  inferior  border  with  the  vomer.  A  little  in  front  ( 
the  middle,  a  process  extends  downward  and  outward  for  unio 
with  the  transverse  bone.  In  front  of  this  process,  unitin 
with  it  and  with  the  transverse  bone,  is  the  palatine. 

The  palatine  is  a  small  semi-oval  bone  fitting  into  the  conca\ 
anterior  border  of  the  pterygoid,  and  sending  forward  a  slei 
der  process  for  union  with  the  small  palatine  process  of  th 
maxillary. 

The  vomer  is  a  slender,  triangular  bone,  united  in  front  b 
its  base  to  a  stout  process  of  the  maxillary,  which  underlap 
the  ascending  process  of  the  premaxillary.  Along  its  oppc 
and  inner  border,  it  unites  with  the  pterygoid,  except  at  th 
end,  where  for  a  short  distance  it  joins  a  slender  process  fror 
the  palatine.     Its  lower  border  is  wholly  free, 

Thb  Brain. 

The  brain  of  Diphdocua  was  very  small,  as  in  all  Dinosaur 
from  the  Jurassic.  It  diflfered  from  the  brain  of  the  othei 
members  of  the  Sauropoda,  and  in  fact  from  all  other  known 
reptiles,  in  its  position,  which  was  not  parallel  with  the  longei 
axis  of  the  skull,  as  is  usually  the  case,  but  inclined  to  it,  the 
front  being  much  elevated,  as  in  the  Euminant  mammals 
Another  peculiar  feature  of  the  brain  of  Diplodocus  was  itf 
very  large  pituitary  body,  enclosed  in  a  capacious  fossa  below 
the  main  brain  case.  This  character  separates  Diplodocus  a 
once  from  the  Ailantosauridce,  which  have  a  wide  pituitarj 
canal  connecting  the  brain  cavity  with  the  throat.  In  th« 
Aforosauruloe,  the  pituitary  fossa  is  quite  small. 

The  posterior  portion  of  the  brain  of  Diplodocus  was  diminu 
tive.  The  hemispheres  were  short  and  wide  (Plate  IV,  figur 
1),  and  more  elevated  than  the  optic  region.  The  olfactor 
lobes  were  well  developed,  and  separated  in  front  by  a  vertica 
osseous  septum.  The  very  close  proximity  of  the  externs 
nasal  opening  is  a  new  feature  in  Dinosaurs,  and  appears  t 
be  peculiar  to  the  Sauropoda. 

The  Lovvek  Jaws. 

The  lower  jaws  of  Diplodocus  are  more  slender  than  in  an 
of  the  other  Sauropoda,  The  dentary  especially  lacks  tl 
massive  character  seen  in  Morosaurus,  and  is  much  less  robu 
than  the  correspcmding  bone  in  Brontosaurus,  The  short  de 
tigerous  portion  in  front  is  decurved  (Plate  III,  figure  1),  ar 
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its  greatest  depth  is  at  the  symphysia  The  articular,  angalar, 
and  subangular  bones  are  well  developed,  but  the  coronary  and 
splenial  appear  to  be  small. 

The  Teeth. 

The  dentition  of  Diplodocits  is  the  weakest  seen  in  any  of  the 
known  Dinosauria,  and  strongly  suggests  the  probability  that 
some  of  the  more  specialized  members  of  this  great  group  were 
edentulous  The  teeth  are  entirely  confined  to  the  front  of  the 
jaws  (Plate  III,  figure  1),  and  those  in  use  were  inserted  in 
such  shallow  sockets  that  they  were  readily  detached.  Speci- 
mens in  the  Yale  museum  show  that  entire  series  of  upper  or 
lower  teeth  could  be  separated  from  the  bones  supporting  them 
without  losing  their  relative  position.  In  Plate  IV,  figure  2,  a 
number  of  these  detached  teeth  are  shown.  This  series  of 
teeth  was  found  with  the  remains  of  Stegosaurus^  and  hence 
was  at  first  referred  to  that  genus,  as  was  also  the  specimen 
represented  in  figure  8  of  the  same  plate.*  The  teeth  of  Stego- 
saurus  are  now  known  to  be  of  a  diflFerent  type,  somewhat 
resembling  those  of  Scdidosaurus. 

The  teeth  of  Diplodocus  are  cylindrical  in  form,  and  quite 
slender.  The  crowns  are  more  or  less  compressed  transversely, 
and  are  covered  with  thin  enamel,  irregularly  striated.  The 
fangs  are  long  and  slender,  and  the  pulp  cavity  is  continued 
nearly  or  quite  to  the  crown.  In  the  type  specimen  of  Diplo- 
docus, there  are  four  teeth  in  each  premaxillary,  the  largest  of 
the  series;  nine  in  each  maxillary;  and  ten  in  each  dentary  of 
the  lower  jaws.     There  are  no  palatine  teeth. 

The  jaws  contain  a  single  row  only  of  teeth  in  actual  use. 
These  are  rapidly  replaced,  as  they  wear  out  or  are  lost,  by  a 
series  of  successioual  teeth,  more  numerous  than  is  usual  in 
these  reptiles.  Plate  IV,  figure  3,  represents  a  transverse  sec- 
lion  through  the  maxillary,  just  behind  the  fourth  tooth.  The 
latter  is  shown  in  place  (1),  and  below  it  is  a  series  of  five  im- 
mature teeth  (2  to  6),  in  various  stages  of  development,  prepar- 
ing to  take  its  place.  These  successional  teeth  are  lodged  in  a 
large  cavity  (c),  which  extends  through  the  whole  dental  por- 
tion of  the  maxillary.  The  succession  is  also  similar  in  the 
premaxillary  teeth,  and  in  those  of  the  lower  jaws. 

The  Vertbbk.k. 

The  vertebral  column  of  Diplodocus^  so  far  as  at  present 
known,  may  be  readily  distinguished  from  that  of  the  other 
Sauropoda  by  both  the  centra  and  chevrons  of  the  caudals. 

*  This  Journal,  xix,  p.  '255.  March,  1880. 
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The  former  are  elongated,  and  deeply  excavated  below, 
shown  in  Plate  IV,  figures  4  and  5.  The  chevrons  are  esp 
cially  characteristic,  and  to  their  peculiar  form  the  genei 
name  DipMocus  refers.  They  are  double,  having  both  anteri 
and  posterior  branches,  and  the  typical  forms  are  represents 
in  figOres  6  and  7  of  the  same  plate. 

The  Pelvic  Girdle. 

The  most  characteristic  bone  of  the  two  families  of  Sauropoi 
previously  described  is  the  ischium.  In  the  Atlantosaurid 
the  iscliia  are  massive,  and  directed  downward,  with  their  e: 
panded  extremities  meeting  on  the  median  line.  In  the  i/or 
sauridvBy  the  ischia  are  slender,  with  the  shaft  twisted  about  90 
directed  backward,  and  the  sides  meeting  on  the  median  liD< 
thus  approaching  this  part  in  the  more  specialized  Dinosaurs 
The  ischia  referred  to  the  genus  Dtphdocus,  representing  thi 
new  family  here  established,  are  intermediate  in  form  and  posi 
tion  between  those  above  mentioned.  The  shaft  is  no 
expanded  distally^  nor  twisted,  and  was  directed  downwarc 
and  backward,  with  the  ends  meeting  on  the  median  line. 

Size  and  Habits. 

The  type  specimen  of  Diplodocus^  to  which  the  skull  hen 
figured  apparently  belongs,  indicates  an  animal  intermedial 
in  size  between  Atlantosaurtis  and  Morosaurus^  probably  40  o 
50  feet  in  length,  when  alive.  The  teeth  show  that  it  was  her 
bivorous,  and  the  food  was  probably  succulent  vegetation 
The  position  of  the  external  nares  indicates  an  aquatic  life. 

The  remains  of  the  above  specimen  were  found  by  S.  W 
Williston  and  M.  P.  Felch  in  the  upper  Jurassic  beds,  neai 
Cafion  City,  Colorado.  A  second  and  smaller  species  is  repre 
sented  by  remains  found  by  Arthur  Lakes  near  Morrison,  Col 
orado.  This  species,  which  may  be  called  Diplodocus  lacmtris 
has  much  more  slender  jaws  than  the  one  above  described.  A 
maxillary  bone  contains  eight  teeth,  and  at  the  premaxillan 
suture  measures  26"™  in  thickness.  The  series  of  teeth  occup; 
a  space  of  70°^.  A  second  specimen  of  apparently  the  sam 
species  has  since  been  found  in  Wyoming. 

The  geological  horizon  of  all  the  Sauropoda  from  the  Rock; 
Mountain  region  is  in  the  Atlantosaurus  beds  of  the  uppe 
Jurassic.     No  Cretaceous  forms  of  this  group  are  known. 
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Classification. 

The  main  characters  of  the  order  Sauropoda^  and  of  the  three 
families  now  known  to  belong  to  it,  are  as  follows : 

Order  SAUROPODA. 

Premaxillary  bones  with  teeth.  Large  antorbital  opening. 
Anterior  nares  at  apex  of  skaH.  PoBt-occipital  bones.  Anterior 
vertebr®  opisthocoelian  ;  pre-sacral  vertebrae  hollow ;  each  sacral 
vertebra  supports  its  own  transverse  process.  Fore  and  hind 
limbs  nearly  equal;  limb  bones  solid.  Feet  plantigrade,  ungu- 
late; five  digits  in  manus  and  pes;  second  row  of  carpal  and 
ursal  bones  unossified.  Sternal  bones  parial.'*'  Pubes  projecting 
ID  front,  and  united  distally  by  caitilage ;  no  post-pubis. 

(I.)  Family  AUantoaauridoB.  A  pituitary  canal.  Ischia  directed 
downward,  with  exoanded  extremities  meeting  on  median 
line.  Sacrum  hollow.  Anterior  caudals  with  lateral 
cavities. 

(2.)  Family  DiplodocidoB.  Dentition  weak.  Brain  inclined  back- 
ward. Large  pituitary  fossa.  Two  antorbital  openings. 
Ischia  with  straight  shaft,  not  expanded  distally,  directed 
downward  and  backward,  with  ends  meeting  on  median 
line.  Candals  deeply  excavated  below.  Chevrons  with 
both  anterior  and  posterior  branches. 

(3.)  Family  MorosauridoB.  Small  pituitary  fossa.  Ischia  slen- 
der, with  twisted  shaft,  directed  backward,  and  sides 
meeting  on  median  line.     Anterior  caudals  solid. 

The  Sauropoda  are  the  order  of  Dinosaurs  having  the  nearest 
nities  with  the  Orocodilia^  especially  through  some  of  the 
extinct  form?.  Dlpfodocus^  for  example,  resembles  Belodon  of 
the  Triassic,  particularly  in  the  large  antorbital  vacuities  of 
the  skull,  the  posterior  position  of  the  external  nasal  aperture, 
as  well  as  in  other  features.  The  genus  Aelosaurus,  from  the 
same  formation,  is  an  intermediate  form,  and  represents  a  dis- 
tinct order,  which  may  be  called  Aetosauria.  The  nearer  rela- 
tions of  these  groups  will  be  discussed  by  the  writer  elsewhere. 

Yale  College,  New  HaveD,  Jan.  21,  1884. 

*  CtUomurus  has  been  figured  with  a  single  sternal  bone  by  Phillips  and  other 
iuthorities.  The  writer  recently  examined  the  original  specimen  at  Oxford,  and 
found  portions  of  two  of  these  bones,  which  strongly  resemble  the  sternal  plates 
of  American  Sanropodn. 


EXPLANATION   OF   PLATES. 


PLATE   111. 

Figure  1 . — Skull  of  Diphdocus  longvs^  Marsh ;  Ride  view. 
FiGUBE  2. — The  same  skull;  front  view. 
Figure  3. — The  same  skull;  top  view. 
All  the  figures  are  one-sixth  natural  size. 


PLATK    IV. 

Figure  1. — Skull  and  brain-cast  of  Diplodocus  longus^  Marsh;  seen  from  above, 
one  sixth  natural  size;  a.  aperture  in  maxillary;  ft,  antorbital  opening;  c, 
nasal  opening;  c',  cerebral  hemispheres;  rf,  orbit;  c,  lower  temporal  fossa; 
/frontal  bone; /',  fontanelle;  m,  maxillary  bone;  m',  medulla;  n.  nasal 
bone;  oc,  occipital  condyle;  ol^  olfactory  lobes;  op,  optic  lobe;  p^  parietal 
bone ;  pf,  pre-frontal  bone ;  pm^  pre-maxillary  bone ;  q,  quadrate  bone ;  qj, 
quadrato-jugal  bone. 

Figure  2. — Maxillary  teeth  of  ffiphdoais  longtts^  Marsh ;  aide  view,  one-half 
natural  size;  e,  enamel;  r,  root. 

Figure  3. — Section  of  maxillary  of  Diplodocus  iongus.  Marsh ;  one-half  natival 
size,  showing  functional  tooth  (fourth)  in  position,  and  five  successional  teeth 
in  dental  cavity ;  a,  outer  wall ;  6,  inner  wall ;  c,  cavity ;  /,  foramen. 

Figure  4.  — Twelfth  caudal  vertebra  of  Diplodocus  Jongus,  Marsh;  side  view,  one- 
sixth  natural  size ;  c,  anterior  face  for  chevron ;  c\  posterior  face  for  chevron ; 
8,  neural  spine;  2,  pre-zygapophysis ;  z\  post-zygapophysis. 

Figure  5. — The  same  vertebra ;  bottom  view  ;  size  and  letters  as  in  Fig.  4. 

Figure  6. — Chevron  found  attached  to  tenth  and  eleventh  vertebrae  of  Diphdoau 
Iongus,  Marsh;  top  and  side  views,  one-tenih  natural  size;  a,  anterior  end: 
Pj  posterior  end ;  v,  faceg  for  articulation  with  vertebrae. 

Figure  7. — Chevron  of  another  individual ;  top  and  side  views  ;  size  and 
letters  as  in  Fig.  6. 
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RT.  XXII. — Experimental  DeUrminaiion  of  Wave- Lengths  in 
the  Invisible  Prismatic  Spectrum;  by  S.  P.  Lanqley.  (With 
Plate  V.) 

S'OTB. — ^The  following  investigation  was  made  at  the  expense  of  the  fiache 
id  and  is  published  here  bj  the  permission  of  its  trustees.  It  ia  the  subject  of 
HU  unpublished  memoir  presented  in  April,  1883,  to  the  Natioual  Academy  of 
«noe8,  in  whose  Transactions  the  unabridged  communication  will  be  found. 

In  September,  1881,  while  engaged  upon  Mt.  Whitney,  in 
easuring  with  a  linear  bolometer  the  heat  in  the  invisible 
•ectrura  of  a  flint  prism,  I  came  upon  a  hitherto  unknown 
»ld  band  whose  deviation  indicated  a  (probably)  very  great 
ave  length.*  We  have  had  up  to  the  present  time  no  way  of 
easuring  such  wave-lengths  directly,  but  are  accustomed  to 
Jtermine  them  by  more  or  less  trustworthy  extra- polation 
rmulae,  the  best  known  of  which  is  Cauchy's.  Accordingly, 
attempted  to  calculate  the  wave-length  by  Cauchy's  formula. 
It  was  conducted  to  an  impossible  result,  the  formula  declar- 
g  that  no  such  index  of  refraction  as  I  had  measured  was 
^ssible  in  the  prism  in  question.  But  the  measurement  was  a 
ct  beyond  dispute,  and  this  drew  my  attention  to  the  gross- 
es of  the  errors  to  which  the  customary  formula)  may  lead. 
Every  prism  gives  a  different  map  of  the  spectrum,  nor  when 
B  find  a  band  or  line  by  the  prism,  have  we  any  means  of 
cing  the  absolute  place,  except  by  a  reference  to  the  normal 
*  wave-length  scale,  or  to  one  derived  from  it. 
It  is  desirable  to  define  at  the  outset,  the  sense  in  which  the 
rm  "Normal"  is  here  used,  as  a  synonym  for  **  Wave-length  '* 
>€ctrunL 

The  amount  of  energy  in  any  region  of  the  spectrum,  such 
that  in  any  color,  or  between  any  two  specified  limits,  ia  a 

*  Since  designated  as  "il" 

^  JouB.  801.— Thibb  Sniis,  Vol.  XXVU,  No.  150.— March,  1884. 
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definite  quantity,  fixed  by  facts  which  are  independent  of  oar 
choice,  such  as  the  nature  of  the  radiant  body,  or  the  absorp- 
tion which  the  ray  has  undergone.  Beyond  this,  nature  has  no 
law  which  musl  govern  us  in  representing  the  distribution  of 
the  energy,  and  all  maps  and  charts  of  it  are  conventions. 

Did  the  word  ** Normal,"  then,  signify  "absolute,'"  there 
would  be  no  spectrum  exclusively  entitled  to  such  a  name; 
but,  in  this  connection,  the  word  is  always  to  be  understood  in 
its  radical  meaning  of  an  accepted  rule  or  type  of  construction. 
Such  a  type  exists  in  the  wave-length  spectrum;  and  it  has 
obtained  general  acceptance,  not  only  on  account  of  its  simplic- 
ity and  convenience,  but  of  its,  at  present,  unique  claim  lo  be 
a  "  natural "  one.  It  is  properly  distinguished  as  the  **  natural " 
scale  from  its  not  merely  representing  a  mental  picture  of  the 
distribution  of  the  energy,  under  a  very  simple  law,  but  of 
actually  being  that  which  we  do  produce  by  our  most  efficient 
optical  apparatus,  and  make  visible  and  measurable  at  will. 

While  we  remain  at  liberty,  then,  to  represent  the  energy 
spectrum  in  terms  of  the  wave  frequency,  or  of  the  reciprocal 
of  the  square  of  the  wave-lengih,  or  of  any  other  function  of  it, 
and  while  we  may  often  find  occasion  to  use  these  scales  for 
some  special  purposes,  we  are  (and  all  the  more  especially  that 
we  habitually  speak  in  terms  of  the  wave-length)  led  by  con- 
siderations of  a  very  practical  kind,  to  take  as  our  normal  or 
standard  scale,  that  of  the  wave-length  itself. 

Since  we  have  this  normal  spectrum,  actually  before  us, 
through  the  concave  gratings  constructed  by  Professor  Bow- 
land,  it  may  seem  as  though  we  might  dispense  with  the  prism  ; 
but  this  is  not  as  yet  possible  for  the  lower  part  of  the  spectrum, 
where  overlapping  spectra  and  feeble  heat  make  the   use  of 
the  grating  too  difficult.     If  we  could    use  the  solar  energy 
here,  not  in  the  form  of  heat,  but  of  chemical  action,  as  in 
photography,  a  great  advance  might  be  made;  and   there  is 
reason,  I  believe,  to  hope  that  the  labors  of  Professor  Rowland 
and  Captain  Abney  will  ere  long  do  this  for  us  with  precision. 
At  present,  however,  we  have  only  heat,  and  the  thermopile  or 
the  bolometer;    which  latter,  though  less  sensitive  than  the 
camera,  can  be  made,  as  I  shall  show,  to  determine  experiment- 
ally within  known  limits  of  error,  the  actual  wave-lengths  corre- 
sponding to  given  indices  of  refraction,  and  hence  to  affon^ 
here  valid  experimental  data  for  passing  from  the  prismatii 
spectrum  to  the  normal  one.     The  reason  why  this,  so  desii 
able  information,  has  never  been  obtained  before,  is  two-fol(W   ; 
(1st.)  While  the  measurement  in  question  can  best  be  made  1^  jr 
means  of  a  prism  and  grating  conjointly,  the  heat,  which  in  tL^We 
lower  prismatic  spectrum  is  very  faint,  becomes  almost  a  va^^i- 
ishing  quantity  when  it  has  passed  the  grating  also,  where  the 
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seat  18  on  the  average  less  than  one-tenth  that  from  the  prism. 
We  must  use  too,  if  possible,  a  narrow  aperture  to  register  this 
heat;  for  a  broad  one  might  (on  account  of  the  compression  of 
the  infra-reH  by  the  prism),  cover  the  whole  field  in  which  its 
work  should  l>e  to  discriminate.  (2d.)  We  must  have  not  only 
an  instrument  more  sensitive  than  the  common  thermopile,  but 
we  must  devise  some  way  of  fixing,  with  an  approximate  pre- 
cision, the  point  at  which  we  are  measuring,  when  that  point  is 
actually  invisible. 

The  apparatus  I  have  devised  for  this  double  purpose,  has 
done  its  work  with  a  degree  of  accuracy,  which  if  it  may  be 
called  considerable,  as  compared  with  what  we  have  been  used 
to  in  heat  measurement**,  is  yet  necessarily  inferior  to  that 
obtained  by  the  eye,  and  less  than  we  may  hope  for  at  some 
future  time,  from  photography.  Nevertheless,  it  has,  I  believe, 
given  experimental  data  very  far  outside  the  visible  spectrum, 
by  which  we  may  either  construct  an  empirical  formula  and 
supply  its  proper  constants  so  that  it  will  be  trustworthy  within 
extended  limits,  or  test  the  exactness  of  such  formulsa  as 
Caacby's,  Sedtenbacher's,  etc.,  which,  while  professing  a  theo- 
retical basis,  only  agree  in  their  results  within  the  limits  of  the 
visible  spectrum  (from  which  they  have  been  in  fact  derived, 
and  where  they  are  comparatively  un needed).  They  contra- 
dict each  other,  as  will  be  seen,  as  soon  as  they  are  called  on 
for  information  in  the  region  outside  of  it,  where  they  would 
be  chiefly  useful. 

The  present  work  has  been  preceded  by  a  new  map  of  the 
invisible  prismatic  spectrum,  where  the  abscissae  were  propor- 
tional to  the  deviations  in  a  certain  prism.  (See  this  Journal, 
vol.  xxvi,  plate  IIL)  And  the  immediate  object  of  this  research 
is  to  pass  from  the  arbitrarily  spaced  prismatic  scale,  belonging 
to  the  particular  prism  in  question,  to  a  map  on  the  normal 
and  absolutely  general  one,  which  was  indeed  also  presented  in 
the  same  issue,  but  in  advance  of  the  present  description  of  the 
means  used  to  obtain  it 

I  should  perhaps  make  the  cautionary  remark,  that  the  gen- 
enil  conclusions  here  offered,  as  to  the  relation  of  wave-lengths 
and  indices  of  refraction,  have  been  drawn  from  the  observa- 
tions on  a  single  prism  and  have  not  been  experimentally  veri- 
fied on  othera     This  is  on  account  of  the  extremely  slow  and 
laborious  character  of  the  process  used  (which  has  involved 
some  months  of  labor  for  this  special  prism).     Though  there 
seems  no  reason  to  doubt  the  generality  of  our  conclusions,  it 
may  be  hoped  that  these  experiments'  will  be  repeated  with 
prisms  of  other  material,  and  by  other  observers,  now  that  the 
jreliminary  obstacles  have  been  removed. 
In  order  to  map  the  spectrum  on  the  normal  scale,  where  the 
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wave-lengths  are  equally  spaced,  from  such  a  map  as  that 
shown  in  Plate  III  (this  Journal,  vol.  xxv),  in  which  the  con- 
sideration of  wave-lengths  does  not  enter,  it  is  necessary  to 
establish  some  relation  between  the  wavelengths  of  rays  and 
their  deviations,  or  between  their  wave-lengths  and  refractive 
indices,  which  are  connected  with  the  deviations  by  the  well- 
known  formula. 

sm^ ' 

2 
n= — 


.    a     ' 
sm- 

where  a  =  the  refracting  angle  of  the  prism,  rf=  the  deviation, 
and  71  =  the  corresponding  index  of  refraction.  In  the  visible 
spectrum,  the  deviation,  in  any  prism,  of  the  Fraunhofer  lines 
(whose  wave-lengths  have  been  very  accuratelv  determined) 
can  be  measured  by  means  of  an  eye-piece  with  cross  wires; 
and,  from  a  sufficient  number  of  such  measurements,  by  mak- 
ing ordinates  proportional  to  indices  of  refraction  (or  devia- 
tions) and  abscissae  proportional  to  wave-lengths,  a  curve  may 
be  found  whose  equation  is  n={<p)X  or  rf=(^)>l,  representing 
the  required  relation  to  any  degree  of  exactness. 

In  the  invisible  spectrum,  the  difficulties  are  immensely 
greater,  and  demand  special  means,  not  only  on  account  of  this 
mvisibility,  but  owing  to  the  absorption  by  the  prism  and  to 
its  compressing  the  rays. 

The  prism  here  used  was  made  by  Adam  Hilger,  of  London, 
and  its  optical  properties  are  in  every  way  satisfactory.  It  is 
of  a  white  flint,  which  has  proved  singularly  transparent  to  the 
longest  solar  waves.  Its  principal  constants  have  been  given 
in  this  Journal,  vol.  xxv,  p.  187. 

Apparatus  for  Measuring  Obscure  Wave-lengths: 

In  1882,  an  apparatus  was  employed  in  which  invisible  rays^^ 
after  passing  through  the  Hilger  prism,  at  a  known  deviation,.^ 
fell  on  a  Rutherfurd  reflecting  grating  (either  of  681  liiyBS 
the  millimeter,  or  half  that  number)  from  which  the  diJBfracl 
invisible  ray  fell  on  the  bolometer,  at  a  measured  angle  with^ 
the  grating.  By  the  use  of  the  known  formula  {nsX=^  sin  i+sin  re- 
connecting the  angle  of  diffraction  with  the  wave-length,  thw* 
wave-length  was  then  found. 

Several  determinations  were  thus  made  of  wave-lengths  i — ' 

the  upper  part  of   the  infrared,  where  the  heat  is  relalivel 

great;  but,  though  the  definition  of  the  Butherfurd  gratings 
was  admirable,  it  was  not  large  enough  to  supply  sufficient  i 
heat  to  enable  measures  in  the  lower  infra-red  to  be  made  wit^l' 
confidence. 
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I  May,  1882, 1  had  the  good  fortune  to  secure  one  of  the 
large  ooDoave  gratings,  then  newly  constructed  b;  Pro- 


or  Rowland,  and  which  he  was  kind  enough  to  make  tor 
of  a  very  short  focus,  so  as  lo  give  a  speciidly  hot  spectrum, 
er  many  essajs,  during  which  a  great  number  of  mechao- 
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ical  and  optical  arrangements  for  getting  rid  of  the  superpoeed 
8i>€ctra,  were  tried  with  unsatisfactory  results,  it  became  clear 
tnat,  for  this  large  and  concave  grating,  it  was  necessary  to  let 
the  ray  fall  first  on  it,  and  then  on  the  prism,  thus  making  the 
wave-length  the  known  and  the  deviation  the  unknown  quantity. 

In  the  use  of  this  form  of  grating,  the  slit  is  placed  in  the 
circumference  of  a  circle,  whose  diameter  is  equal  to  the  radius 
of  curvature  of  the  gratinp,  and  which  touches  its  surface. 
The  spectra  are  thon  formed,  without  the  need  of  collimator, 
observing  telescope  or  any  further  apparatus,  all  lying  upon 
the  circumference  of  the  circle  which  contjiins  the  slit  The 
grating  which  was  employed  contains  18,050  lines,  142  to  the 
millimeter,  ruled  on  the  surface  of  a  concave  mirror  of  specu- 
lum metal  of  l'"*^^  radius  of  curvature,  and  exposes  a  ruled 
surface  of  12i»*^.  By  this  large  surface  a  spectrum  is  produced 
sufficiently  hot,  even  in  its  lower  wave-lengths,  to  affect  the 
bolometer  strips  alter  the  various  reflections  and  absorptions  to 
which  the  heat  is  necessarily  subjected  in  passing  through  the 
apparatus. 

Figure  1  ilhistratc>s  the  means  finally  adopted,  and  the 
course  of  the  rays  through  the  apparatus;  although,  for  the 
sake  of  distinctness,  the  mechanical  devices  used  to  maintain 
the  pro|)er  arrangements  of  the  parts  tire  omitted.  The  rays  of 
light,  coming  from  the  300"°*  flat  mirror  of  the  large  siderostat^ 
pass  across  the  apparatus,  and  fall  upon  a  concave  speculum  of 
180'"™  aperture  at  M,  by  which  at  a  distance  of  about  1"*5  they 
are  conveiged  to  a  focus  at  S,.  At  this  point  is  a  vertical  slit, 
adjustable  to  any  desired  width  by  a  double  screw,  which 
moves  both  jaws  at  once,  so  as  to  keep  the  center  always  in  the 
same  |)laec.  This  slit  is  protected  from  the  great  heat  by  a 
plate  of  iron  j)ierced  with  an  aperture  only  a  little  larger  than 
the  slit  when  of)en  to  the  usual  width.  Beyond  Sj  the  rays 
diverge  and  fall  up<Mi  the  concave  grating,  G.  Directly  oppo- 
site the  grating  is  ii  second  slit,  S,,  also  double  acting,  and  the 
apparatus  is  so  arranged  that  the  two  slits,  S„  S„  and  the  grat- 
in*,',  G,  always  lie  upon  the  circumference  of  a  circle  whose 
diameter  is  l'"*63 ;  and  therefore  in  whatever  manner  the 
slits  may  be  ])ljiced,  the  light  coming  through  S,  forms  a 
sharp  s})eetrum  upon  S^.  A  very  massive  arm,  carrying  the 
grating,  the  slit  S,,  and  the  heavy  spec tro- bolometer,  is  pivoted 
at  the  (^enter  of  the  circle,  so  that  the  relative  positions  of  these 
parts  are  unchanged.  The  slit  S,  is  automatical!}'  kept  diamet- 
rically opposite  the  grating,  and  on  the  normal  to  its  center. 

The  slit  S,  is  the  slit  of  tlie  s|)ectr()-bolometer,  provided  with 
the  same  attachments  as  when  used  for  mapping  the  visible 
spectrum  (except  that  it  is  now  fitted  with  simple  collimatilij 
and  objective  lenses  of  the  same  special  kind  of  diathermanoas 
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the  prism,  instead  of  its  own  concave  mirror.)  Its  eje- 
id  the  bolometer  are  interchangeHble. 
leans  of  tlie  eye-piece  and  graduated  circle,  the  devia- 
d  consequently  the  refractive  index  of  the  rays  passing 
I  the  slit  can  be  determined,  if  they  are  visible.  If 
e  invisible,  their  exact  wave-length  is  known  by  a  sim- 
lar  observation  of  the  visible  ones,  on  which  they  are 
«ed  by  the  action  of  the  grating,  while  their  subsequent 
)n  is  determinable  by  the  bolometer  placed  at  B,  pro- 
they  retain  sufficient  energy  to  affect  the  instrument, 
be  seen  that,  according  to  this  method,  all  those  invis- 
rs,  which  are  n  times  the  definitely  known  length  of 
sible  ray,  are  caused  to  pass  together  through  a  slit,  and 
rough  a  prism,  which  norts  out  the  ray  of  the  first  spec- 
om  that  of  the  second  ;  that  of  the  second  from  that  of 
d ;  and  so  on,  so  that  the  corresponding  index  of  refrac- 
ly  be  determined  by  observation ;  with  the  eye  in  the 
the  visible,  with  the  bolometer  in  that  of  the  invisible 

lustrate  the  use  of  ^he  above  described  apparatus  under 
lat  unfavorable  circumstances,  let  us  consider  as  an 
e  the  observations  of  June  13,  1882,  which  were  taken 
n  in  the  s|;)ectrum,  where  the  heat  is  feeble,  and  the  gai- 
ter deflection  nmall,  requiring  a  widely  open  slit.  The 
us  having  been  previously  adjusted,  and  the  sunlight 
S  directed  by  the  siderostat,  the  visible  Fraunhofer 
of  the  third  spectrum  of  the  gratmg,  was  caused  to  fall 
e  slit  S,  of  the  spectro-bolometer.  Then,  according  to 
)ry  of  the  grating,  there  passed,  through  this  slit,  rays 
the  wave  lengths — 

0^-589  (3d  spectrum — visihlt) 
1*178     (2(1  spectrum — invisible.) 
1*767     ( 1  St  spectrum — invisible. ) 

)rism  having  been  removed,  and  the  telescope  brought 
e,  an  image  of  S,,  of  the  same  size  as  the  slit  itself, 
med   in   the  focus  of  the  ol>ject  lens,  and   on   testing 


le  bolometer,  whose   face  was  covered   with    a   screen 

centrally    with   a   2"™   slit,    the   heat   of    this   image 

;d  a  deflection  of  the  galvanometer  needle  of  about  30 

IS.     The   prism  was  then  replaced   on    the   automatic 
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holder  and  set  to  minimum  deviation,  and  the  image  of  the 
slit,  containing  superposed  rays  whose  combined  effect  bad  pro- 
duced the  deflection  just  mentioned  was  separated  into  three 
similar  images^  (Bg.  2)  each  composed  of  nearly  homogeneoas 
ra}  s.  Of  these  three  bands,  only  the  first  or  most  refrangible, 
containing  the  D^  line,  was  visible,  and  its  deviation  was  found 
to  be  47°  41',  agreeing  with  the  value  ^iven  by  the  table.  It 
was  the  object  of  the  experiment  to  find  the  place  of  the  lower 
invisible  band,  by  groping  for  it;  i,  e.,  to  determine  iis  devia- 
tion by  trials  with  the  bolometer  at  intervals  sufficiently  close 
to  avoid  the  possibility  of  missing  it  altogether.  According  to 
Briot's  formula,  the  deviation  should  be  45°  21^  and  in  the 
preliminary  search  the  circle  was  accordingly  set  to  this  read- 
ing. Beginning  at  this  point,  and  exposing  the  bolometer  at 
every  five  minutes  of  deviation,  it  was  found  that  the  max- 
imum effect  was  obtained  nearer  45°  15'.  The  approximate 
position  having  thus  been  found,  the  slit  Sj  was  narrowed  to 
2°^,  and  the  following  measurements  taken,  the  horizontal  line 
giving  the  mean  results  of  a  series  of  thirty  exposures  of  the 
bolometer,  as  it  moved  through  the  spectrum. 

• 

T^BLE  I. — Determination  of  the  refrangibility  of  feeble  lieat-rays. 

Prismatic  delation 45"  02'    46'' 07'    46"  10'    45' 15'    45"  20' 

Means  of  galvanometer  reading^..    4*6  5*6  6*0  5*8  2*7 

The  maximum  reading  at  45°  10'  corresponds  to  a  coinci- 
dence of  the  2°^  bolometer  aperture,  with  the  2*°"  invisible 
imjige  of  the  slit,  whose  position  is  sought.  From  a  subsidiary 
curve  drawn  through  the  points  whose  coordinates  are  re- 
spectively (x=45°02\  y=4-6).  (.T=45°07',  y=5-6),  (a:=45^10', 
y  =  6-0),  etc.,  it  was  concluded  that  the  deviation  of  rays  whose 

wave-length  is  1^^-767  is  45°  10';  and  each  point  in  this  deter- 
mination being  obtained  from  the  mean  of  five  observations, 
the  result  is  partly  free irom  irregularities  caused  by  changes 
in  the  state  of  the  sky,  nnd  minute  instrumental  variations 
from  extraneous  causes,  which  here  become  of  great  relative 
importance,  owing  to  the  feeble  heat  measured. 

Subsequent  detenni nations,  like  the  preeediifg,  gave  for  the 
deviation  of  the  same  ray  45°  06'  and  45°  07',  and  from  a  con- 
sideration of  all,  the  deviation  adopted  was  (instead  of  45°  21', 
as  given  by  Hriot's  formula)  45°  08',  corresponding  to  a  refrac- 
tive index  of  1'5549. 

*  ThcPf  tliree  images,  being  composed  of  rays  of  different  wave-lenjrths,  could 
not  all  be  in  tlie  same  focus  of  ihe  same  ions  at  tlio  same  time,  since  the  collima- 
tor and  objectivt;  of  this  spcctroiiiotcr  were  s  inple  lenses.  The  lenses  were 
adjusted  by  means  of  a  table  of  foal  distances  previously  prepared,  so  aa  lo 
throw  a  sharp  (invisible)  image  of  the  band  to  be  <letected 
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By  means  oF  measurements  like  the  one  described  above,  the 
deviations  of  various  obscure  rays  of  known  wave-lengths  were 
determined.     The  indicea  of  refraotion  were  then  computed  by 

sini(a+cf) 

the  usual  formula  /i= — ?\ — ^  where  0=62*^34' 43''.     The 

sin  ^a 

results  are  contained  in  the  following  table,  where,  however. 

only  the  final  results  of  successful  days  are  given,  most  of  the 

observations  having  been  lost  thmugh  changes  of  the  sky  during 

the  course  of  one  determination.* 


Table  II. — Experimental  determination  of  d  or  n  as  a  function 

ofX  {Jlilger  prism). 

Date  of  ob^ervaiion.  >.  d  n 

April  I,  1882 l^-010±0-0053  46**  12'  1-5654 

April  9th 1-200±00069  45°  54'  15625 

June  27th l-658±0'009l  45M6'  15562 

June   13th-27th l-767±00094  .         45°  08'  •  1*5549 

July  14th 2-0904-00104  44"  45'  15511 

JuDe7lh 2-356±0*0110  44^25'  15478 

We  observe  that  where  measures  are  taken  in  the  prismatic 
spectrum  alone,  we  can  generally  use  with  advantage  a  bolo- 
meter of  as  small  an  aperture  as  one-fifth  of  a  millimeter,  but 
that  here  it  is  advisable  to  open  it  to  2™"  owing  to  the  relative 
expansion  of  the  spectrum  and  to  the  very  feeble  heat. 

Owing  to  difficulties  arising  from  the  almost  infinitesimal 
amount  of  heat  in  question,  numerous  subsidiary  observations 
are  requisite  for  a  single  determination,  which  it  therefore  takes 
long  to  make,  each  final  value  resting  upon  between  20  and 
100  readings.  If  it  should  possibly  appear  to  the  reader  that 
in  the  three  months  of  consecutive  labor  which  were  given  to 
this  part  of  the  work,  more  than  six  points  miglit  have  been 
determined  in  the  curve,  he  is  asked  to  remember  that  what  is 
here  difficult  has  till  now  been  impossible. 

Plotting  the  points  given  by  the  data  in  table  II  and  drawing 
a  smooth  curve  through  them,  we  obtain  the  curve  of  "obser- 
vation" showing  71  as  a  function  of  X  in  the  lower  curve  of 
Plate  V. 

There  would  be  no  gain  in  accuracy,  at  this  stage,  in  at- 
tempting to  work  from  a  formula  representing  the  equation  of 
the  curve  obtained,  as  the  graphical  construction  is  fully  as 
trustworth}'  as  the  data.     This  I  say  with  special  reference  to 

*  All  these  observations,  for  discovering 'the  relation  between  n  and  /,  can  be 
cooducted  with  at  least  as  much  a«lv:i!ita«:o  by  a  powerful  and  constant  electric 
fi^tasby  snnlifrht.  The  latter  only,  however,  was  at  the  obi^erver's  actual  com- 
Dand. 
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the  large  original  charts^  which  have  been  drawn  by  Mr.  J.  K 
Keeler,  of  this  observatory,  and  which  seem  to  me  favorable 
specimens  of  the  accuracy  attainable  by  this  method. 

We  are  now  prepared  to  test  Ote  accuracy  of  the  various 
formuUe  connecting  refraction  toitk  wave-length,  though  it  will 
be  convenient  to  first  prepare  a  table  showing  what  this  rela- 
tion is  in  the  visible  part  of  the  spectrum  of  the  prism  employed. 

In  the  following  table  the  deviations  in  the  visible  spectrum 
were  measured  by  the  spectrometer,  reading  to  10"  of  arc,  and 
which  hiis  been  already  described,  in  which  for  this  special 
purpose,  the  bolometer  was  replaced  by  an  achromatic  observ- 
ing telescope  with  a  micrometer  eye-piece,  and  the  indices  of 
refraction  were  computed  by  the  usual  formula.  **0''  in  the 
ultra-violet  was  measured  by  aid  of  a  Soret  fluorescent  eye- 

f)ieoe,  and  its  wave-length  is  from  Cornu.  The  other  wave- 
engtha  are  taken  from  Angstrom,  but  the  unit  is  here  the 
micron  = -|(j^^  millimeter  =  (10,000  times  the  unit  of  Ang- 
strom^s  scale).     "^"  is  here  the  symbol  for  the  wave-length. 

The  following  indices  in  the  visible  spectrum,  on  which  the 
computations  for  testing  the  formulas  are  founded,  are  trust- 
worthy to  the  fourth  decimal  place  here  given: 


Taisle  III. —  Observed  indices  in  visible  spectrum  of  HUger  pristr^ 

Line.  d  n 

A ^ 0^-7(>009  46"  40' 05'  1-5714 

C 0-65G18  47"  16M6'  1*5767 

D, 0-5881)0  47°  41'  16'  1-5798 

b4 0516G7  48'*  21' 05'  1-5862 

F 048()0G  48' 44' 15"  1-6899 

H,  0-3967l>  50°  34' 05'  1*6070 

0 0-34400  52' 43' 00'  1-6266 

A  smooth  curve,  drawn  through  points  whose  positions  are 
given  by  the  above  table,  represents  with  accuracy  the  relation 
between  n  and  X  in  the  visible  part  of  the  spectrum.  This 
method  is  however  obviously  inapplicable  to  the  very  extended 
invisible  portion,  below  the  A  line,  and  accordingly  attempts 
were  fii^st  made  to  ctl'ect  the  determination  of  corresponding? 
indices  and  wavelengths,  by  extending  the  curve  derived  from 
the  abov<5  observations  by  means  of  form  u he.  Several  formulse 
have,  it  will  be  remembered,  been  |)r()posed  by  physicists,  ex- 
pressing n  as  a  function  of  k,  and  containing  constants  which 
are  to  be  determined  by  observation.     But  it  has  never  hitherto 

*  Tlieso  original  t'liurts  were  rxliihin'l  to  tlie  members  of  the  Xotioiiul  Acftdemy 
of  .^ieiK'os,  jit  WasliiijjrroTi.  in  A]iril.  1  ss;{.  Tln^  on^rraviup:  here  jfiven  in  illusiration 
bein^  on  .i  much  roductMl  scale,  will  merely  indicate  the  exuetnesH  of  interpolatioD 
possible  by  ilic  o^iginal^<. 
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been  poesible  to  test  these  formalaB  far  from  the  visible  speo- 
imm,  whence  their  constants  have  been  in  fact  derived.  This- 
desirable  test  we  are  now  prepared  to  apply. 

The  simplest  as  well  as  the  most  widely  used  formula  is  that 
of  Cauchy,  which  as  it  is  commonly  written 


(«=«+^+J) 


contains  three  unknown  quantities,  requiring  for  their  deter- 
mination three  simultaneous  equations.  Selecting  the  lines  A^ 
D  and  H  for  this  purpose,  we  have  from  the  table  just  given 
the  three  equations. 


l-5714==a+7-— 4— r^  4- 


1 -5798=0  + 
l-6070=a4- 


(0-76009)"  (0-76009)* 

b  c 

(0-68890)*  "*"    (0-58890)* 

b  c 


(0-39679)*         (0-39679)* 
from  which  by  elimination 

a=l-6593         ^=0-006776         c=0-0001137 
80  that  for  this  prism,  the  formula  becomes, 

0-006775         0-0001137 


n=l-5593  4- 


A* 


which  we  find  on  trial  satisBes  the  observations  in  the  visible 
part  of  the  spectrum  within  very  narrow  limits.  When,  how- 
ever, we  attempt  to  extend  the  application  of  the  formula  ta 
the  infra-red  region,  its  results  are  not  so  satisfactory.  Since  h 
and  c  are  both  positive,  the  least  value  which  n  can  have  in 
oor  prism,  according  to  the  formula,  is  a,  or  1*5593  correspond- 
ing to  a  deviation  of  45°  35',  whereas  the  bolometric  measure- 
ments show  that  in  this  prism  the  solar  spectrum,  after  absorp- 
tion, extends  as  low  as  44°,  with  every  sign  that  if  it  do  not 
extend  yet  further,  it  is  not  on  account  of  the  prism  but 
because  below  this  point  the  heat  is  absorbed  by  some  ingre- 
dient of  our  atmosphere. 

H'c  conclude  then  that  Cnnchy^s  formula  gives  grossly  erro- 
neous results^  when  extended  far  behind  the  limits  within 
which  the  observations  on  which  it  is  founded  are  made.  Its 
implicit  assertion,  that  the  lower  limit  of  the  prismatic  spectrum 
(however  great  the  wave-length  of  the  ray  transmitted),  is  not 
80  far  below  A  as  A  is  below  D,  is  absolutely  contradicted  by 
these  experiments,  and  all  extra-polations  made  by  it,  far  from 
the  visible  spectrum  in  which  its  constants  have  been  deter- 
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mined,  are  wholly  untrustworthy,  as  will  appear  more  I 
later. 

Redtenbacher  proposes  the  formula 

for  expressing  the  same  relation.  Using  the  same  lines 
before  for  determining  the  unknown  constants,  we  have  for 
Hilger  prism 

-r=0-412297— 0-00093711  A" r^ 

n  A 

a  formula  which  also  satisfies  the  observations  in  the  vis 
spectrum,  but  fails  when  extended  to  the  invisible.  ' 
<;urve  representing  it  has  a  minimum  point,  correspondioj 

n=l-5647  for  a  value  of  X  found  from  the  equation  ^*=7  0 

the  special  case  of  the  formula  above,   where  -  is  posit 

^=1*430;  so  that  for  every  value  of  n  greater  than  l-6( 
there  are  two  real  values  of  X.  This  formula  therefore  is  e 
less  satisfactory  than  that  of  Cauchy. 

Briot  gives  a  formula  which  has  been  asserted  by  o 
investigators*  to  represent  satisfactorily  the  results  of  obse 
tion  throughout  the  whole  spectrum,  namely: 


,7="+*©+''0+K»t')- 


From  four  equations  like  tins,  using  values  of  n  and  >l 
responding  to  the  Fraunhofer  lines  A,  C,  F  and  H,  the  va 
of  the  constants  were  determinedf  as  follows: 

a=0-41O2H     ^>=— 0-0013495     c= -0*000003379     A= +0-002! 

With  the  aid  of  these  constants,  the  wave-lengths  corresp( 
ing  to  given  refractive  indices  were  computed,  and  a  ci 
representing  the  formula  was  plotted.  This  curve,  as  wel 
those  representing  Cauchy's  and  Hedtenhacher's  formula 
shown  in  Plaie  V  where  we  may  obtain  by  simple  inspec 
the  actual  errors  of  all  the  formula)  in  question,  or  we 
take  them  from  the  following  table,  whose  results,  I  hope, 
supply  useful  data  for  those  who  are  interested  in  theori( 
dispersion. 

*  Mouton,  Comptes  Rendiis,  vol.  Ixxxix,  p.  201  and  voL  Izxxiii,  p.  1190. 

f  This  formula  has  the  practical  incocivoriience  of  loading  to  cubic  equa 
either  in  w'  or  /*,  the  solution  of  which  is  st)  tedious  as  to  forb<d  its  use  s 
many  places  are  to  be  indopendontly  found.  I  have  been  aided  in  the  pr 
lengthy  numerical  computations  by  Professor  M.  B.  GofE. 


in  the  Invutble  Prismatic  Sped/rum. 


181 


kBLs  IV. — Approximate  errors  in  wavelengths  by  Briofisy 
Cauchy^s  and  Hedtefibacher^s  formulcSy  for  cold  bands  in 
infra-red. 

(Comparison  of  theories  with  observatioD.) 


1 

1 

^ 

nrare-lengthB  derlyed  by  extra-polatlon. 

OlMerrM 

• 

k 

From  Briot*8 
Formala. 

From  Caudiy'B 
Formala. 

From  Redtenbacber'8  Formula. 

rOta. 

A 

Yalne. 

Error. 

Valne. 

Error. 

Valne. 

Error. 

Value. 

Error. 

nu 

0-760 

0-760 

0-000 

0-760 

0-000 

0-760 

0*000 

5697 

0-815 

0*815 

0*000 

0-818 

0003 

0-820 

0-005 

5687 

0-850 

0-850 

0*000 

0-853 

0-003 

0-862 

0-012 

5678 

0*890 

0-891 

0001 

0-900 

0*010 

0-915 

0-025 

2-230 

1*340 

5674 

0-910 

0-911 

0-001 

0-920 

0-010 

0-941 

0-031 

2*170 

1*260 

6668 

0*940 

0-942 

0-002 

0-960 

0-020 

0-990 

0-050 

2-060 

1*120 

5636 

1*130 

1170 

0-040 

1-270 

0-140 

Imag 

inary. 

Imag  inary. 

5616 

1-270 

1-336 

0066 

1-730 

0-460 

1 

5604 

1-360 

1450 

0090 

2-460 

MOO 

5576 

1-540 

1-750 

0  210 

Imposs  ible. 

5572 

1-580 

1800 

0-220 

, 

5U4 

1-810 

2-105 

0-29*5 

to 

to 

to 

to 

■ 

5535 

1*870 

2260 

0-390 

1 

5520 

1*980 

2*460 

0-480 

1 

1 

1 

5515 

j  2030 

1 

2-524 

0-494 

■ 
1 

Note. — A  pari  of  the  above  values  of  n^  where  determined  from  observation 
r  the  bolometer,  are  liable  to  error  in  the  fourth  decimal  place.  For  probable 
Tore  of  X,  see  Table  II.  *'  X  observed "  is  either  from  a  direct  observation 
'  from  an  iuterpolatioo  between  two  closely  contiguous  observations. 

It  is  evident  that  Briot's  formula,  though  not  exact,  yet  gives 
3sults  much  more  trustworthy  than  the  others  considered,  and 
,  was  employed  in  constructing  provisional  maps  of  the 
ormal  spectrum  from  the  prismatic,  until  an  apparatus  was 
Dmpleted  for  determining  the  wave-lengths  of  the  invisible 
iys  by  direct  measurement 

We  must  evidently  conclude  from  the  numbers  in  table  IV 
nd  from  the  curve  in  Plate  V  which  embodies  them,  that  we 
1  reality  can  scarcely  assign  any  limit  to  the  extent  of  the 
ifra-red  prismatic  spectrum,  and  that  far  from  the  curve  having 
Q  asymptote  parallel  to  the  axis  of  X  as  Cauchy's  theory 
2C[uires,  our  curve  (so  far  as  we  can  follow  it)  rather  tends  ta 
Itimately  coincide  with  a  straight  line  cutting  the  axis  at  a 
oite  angle,  and  (if  this  axis  pass  through  the  point  n=l)  at  a 
reat  distance  from  the  origin. 

With  the  danger  of  extra-polations  presented  to  us  in  such 
xamples  as  have  been  cited,  we  shall  not  attempt  to  generalize 
be  results  of  our  observations,  further  than  to  remark  that,  for 
be  prism  in  question,  we  find  that  the  deviation  tends  within 
;be  limits  of  observation  to  become  proportional  to  the  wave-^ 
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lengths,  as  the  deviation  diminishes,  and  that,  as  far  as  we  can 
«ee  at  present,  there  w  scarcely  any  limit  to  the  wave-length 
our  prism  can  transmit  except  that  fixed  by  its  absorptive  effecL 

The  approximate  limit  of  the  solar  spectrum  of  the  Hilger 
prism  is  at  n= 1*5485,  which,  according  to  Briot's  formula,  cor- 
responds nearly  to  3^*4,  but  which  according  to  our  bolometric 

observations  corresponds  to  an  actual  wave-length  of  2'''8.  For 
this  same  point,  as  will  be  seen  by  Table  IV,  the  values  by 
Cauchy's  formula  are  impossible,  and  those  by  Eedtenbacher 8 
formula  are  imaginary. 

These  last  values  rest,  it  will  be  remembered,  on  extra- 
polations founded  on  measures  in  the  visible  spectrum. 

Wave-lengths  of  Gold  Lines  in  Infra-red  Prismatic  Spectrum. 

The  following  values  (in  table  V)  from  Mooton,  Abney 
and  Draper  are  the  ones  I  know  previous  to  my  own  meas- 
ures where  the  wave-lengths  of  cold  lines  are  given  with 
most  accuracy.  Of  these  it  is  just  to  distinguish  those  by 
Abney  as  possessing  a  degree  of  exactness  before  unknown. 

There  are  some  doubts  about  the  band  at  l''*35  having  really 
been  observed  before,  but  I  have  included  this  among  those 
whose  existence  was  known  or  suspected  before  my  measures. 
The  values  here  given  were  obtained  by  me  in  1882,  and 
first  published  in  the  Comptes  Bendus,  of  the  Institute  of 
France,  for  September  11,  1882,  in  the  form  of  charts,  which 
were  drawn  from  them.  These  charts  were  so  much  reduced  by 
the  first  engraver  that  though  these  values  are  still  determinable 
from  them,  it  may  be  convenient  to  repeat  them  here  in  their 
original  tabular  form,  with  the  addition  of  the  probable  errors. 

Table  V. —  Observed  values  of  cold  bands  in  if\frarred  by  differ- 
ent investigators. 

Jl.  MOUTON.*  W.  DB  W.  ABinCT.t  J.  W.  DHAPXB.t  S.  P.  LASGLXT.t 

0-821  0*816     0-835                   0*815  ±0*003 

0*850                               0-854  0*85  ±0*003 

0*893     0-930                   0*89  ±0*004 

0-905  0*91  ±0*004 

0-941  0-935     0-980                   0*94  ±0*004 

0-985                 0*975     0983  1-13  ±0"007 

1-230                              1-240  1-27  ±0*007 

1-480         possibly  Abney's  "t/;"  ■$!*??   ±0'008 

*^  "^  -^        ^  (1*37    ±0008 

1*54  ±0*009  ;r 

1*58  ±0-009  it 

1*81  ±0*010  V« 

1*87  ±0*010  / 

1*98  ±0010  «i 

2*03  ±0-010  », 
*  M.  Mouton,  Comptes  Rendus,  tome  Ixxxix,  p.  298;  tome  IxxxviU,  p.  1190. 

Y'^  ^'  ^*^°®y'  P^^^*  Trans.  1880.  p.  653. 

J.  W.  Draper,  Proc.  Am.  Acad.  1881,  p.  223. 

S.  P.  Langley,  Comp.  Rend.,  Sept.  11,  1882;  Am.  Jour.  Sd.,  March,  1883,  etc 
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Lines  known  to  previous  Investigators, 

(0'815.)  Near  the  utmost  limit  of  visibility.  Appears  to  coin- 
cide with  Capt.  Abney's  Z,  and  Draper's  a. 

(0"8.5.)  Apparently  agrees  with  Abney's  8540. 

(0'89J^  An  inconspicuoas  line.  Abney  has  a  heavy  line  near 
here,     rossibly  corresponds  to  Draper's  ft. 

(0*9 1.)  Inconspicuous  ;  possibly  a  part  of  Draper's  ft, 

(0'94.)  Very  heavy  line;  marks  the  extreme  limit  of  Draper's 
iDvestigations,  according  to  his  own  statement,  and  seems  to  be 
identifiable  with  the  last  definite  gap  in  Lamansky's  curve. 
(Allegheny  observations  make  it  probably  telluric.) 

(1'12.)  Still  colder  than  preceding.  The  gap  represented  by 
this  line  was  taken  by  Lamansky  for  the  end  of  the  spectrum. 
(Allegheny  observations  make  it  probably  of  telluric  origin.) 

(1*26.)  Inconspicuous  line. 

(l'36-37.)  Very  remarkable  band.  Almost  absolutely  cold  and 
black.  So  broad  and  diffuse  that  it  is  difficult  to  mark  its  limits, 
bat  coldest  part  seems  to  have  a  wave-length  of  1*36  and  1*37. 
(Allegheny  observations  make  it  probably  of  telluric  origin.) 
Powibly  the  "  ^' "  of  Abney's  chart.  It  seems  to  be  the  extremest 
limit  of  previous  investigations. 

Newly-discovered  Lines  and  Cold  Bands. 

(1*55  and  1*59.)  Inconspicuous  lines. 

|fl*81  to  1*87.)  Great  Cold  Band,  first  discovered  on  Mount 
Wniiney.  Probably  of  telluric  origin.  It  is  not  the  furthest 
line,  but  is  here  called  £1  on  account  of  its  being  the  last  conspic- 
uous break  in  the  energy  curve. 

{1'98  and  2*04.)  Small  but  definite  lines.  The  last  discovered 
by  the  bolometer.  But  the  observable  solar  spectrum  certainly 
extends  to  a  wave-length  of  over  2"' -70. 

Distribution  of  Energy  in  the  Normal  Spectrum, 

The  curve  n=^X  given  in  the  plate  enables  us  to  mark  off  a 
wave-length  scale  upon  the  map  of  the  prismatic  spectrum, 
without  any  extra-polation,  between  our  present  extreme 
points  of  ol^ervation  ;  a  deviation  of  50°  58'  (corresponding  to 

i=(y*34:4),    and   a   deviation    of    44°  25'   (corresponding    to 

>l=2'**356) ;  and  also  to  construct  a  map  in  which  the  wave- 
length scale  is  an  ordinary  scale  of  equal  part**,  but  in  which 
the  degrees  of  deviation,  if  represented,  would  be  unequally 
spacjed.  Such  a  chart  of  the  normal  spectrum  has,  as  we  have 
already  remarked,  the  advantage  of  being  entirely  independent 
of  any  particular  prism  or  grating,  and  consequently  of  being 
directly  comparable  with  all  other  maps  of  the  same  kind. 

If,  besides  making  a  map  of  the  normal  spectrum,  we  wish 
to  construct  a  curve  representing  the  corresponding  distribu- 
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tion  of  energy,  a  further  consideration  of  the  relations  existing 
between  the  two  charts  is  necessary.  The  law  of  dispersion  of 
the  prism  causes  the  distribution  of  energy  in  its  spectrum  to 
be  quite  dillerent  from  what  would  have  been  observed  with  a 

diffraction  grating.*     Disregarding  the 
absorbing  action  of  the  apparatus,  the 
amount  of  heat  between   two   definite 
■^  wave-lengths,  as  between  the  A  and  B 
lines,  should  be  the  same  in  both  spec- 
tra, provided  the  total  quantity  of  heat 
is  the  same  in  both.     The  urea  between 
any  two  ordinates  of  the  curvef  may  be 
considered  to  represent  the  amount  of 
heat  in  the  part  of  the  spectrum  included 
■between  them,  and  the  total  area  of  the 
curve   represents    the   total   amount  of 
heat.     If  then  we  suppose  the  area  of 
the   normal   curve  required   to   be   the 
same  as  that  of  the  prismatic  one,  the 
condition  to  be  fulfilled  bv  the  former 
curve  is,  that  the  area  included  between 
the  ordinates  at  any  two  wave-lengthg, 
shall  be  equal  to  that  included  between  the  sasne  wave-lengtha 
in  the  latter,  and  from  iliis  condition  we  can  deduce  a  con- 
struction for  ctl'ccting  tlie  required  transformation.^ 

♦J.  W.  l)T(i\iOT.  riiil.  Mnjr.,  vol.  xliv,  p.  104,  1872. 

5  See  this  Journul,  for  March,  18H3. 
See  J.  Miiller,  I*ogJ,^  Annalon.  vol.  cv ;   Lundquist,  Pogg.  Aniialen,  voLdv, 
p.  1-10 ;   Moiiton,  Coniptos  Uenduf*,  vol.  Ixxxix,  p.  298. 

Lay  oil  upon  a  line,  AB  (fi^.  4),  any  conveuieut  distance,  and  divide  it  into 
equal  spacvs  to  rt'ijrescnt  tlie  normal  wave-length  scale,  and  upon  a  line  CD,  at 
right  angles  to  tlio  llrst,  hiy  oft  the  siirne  distance  and  divide  it  into  Uic  samo 
iiunil)er  of  parts,  spaced  acconiing  to  the  law  of  dispersion  of  the  prism,  as  in  tho 
wave-length  scale  niarkcd  on  the  bottom  of  the  prismatic  chart  (Plate  III,  thit? 
Journal,  vol.  xxv).     Kreet  ordinates  at  tlie  points  of  division,  and  mark  them  with 
the  proper  wavi '-lengths,  heginning  on  Uitli  lines  at  the  ends  which  lie  nearest  to 
each  other,  as  in  the  figure,  where  live  ordinates  are  shown ;  through  the  intor- 
eection  of  eorrespoutling  ordinates  draw  the  curve  KF,  and  upon  CD, 'draw  tlie 
curve  of  distrihutinn  of  energy  in  the  prismatic  spectnim. 

Lot '/,  tig.  I{,  1)0  ii  very  small  wave-length  interval  on  the  prismatic  scale;  c,  tlie 
samo  interval  on  the  nc-nnal  scale,  and  //  and  d  the  average  heights  of  the  energy 
curves  over  the  two  intervals,  res])ectively ;  the  shaded  part  of  the  figure  repre- 
senting, therefore,  the  ]K>rtiou  of  the  total  area  included  between  these  limit*. 
e/  is  a  portion  nf  the  curve  KK,  tig.  4.  Then,  according  to  the  condition  of  tnius- 
formation 

whence  b:  <i::  c:  a. 

From  geonjetrical  considerations, 

c:  a::  1 :  tan  0 

where  ^  is  the  angle  which  the  chonl  KF,  joining  the  intersections  of  the  tvo 
pairs  of  ordinates  makes  with  Ali;  consequently 

bid::  1  :  tan  ^ 
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Sach  a  coDStructioD  was  applied  to  the  prismatic  energy 
curve  of  the  Hilger  prism. 

The  true  normal  energy  curve  with  all  its  inSections,  maxima 
and  minima,  is  easily  drawn  after  this  (dotted)  bounding  curve 
of  normal  energy,*  is  plotted,  for  the  parts  of  the  ordinate 
of  the  latt?r  below  and  above  its  intersection  with  the  former 
irregular  curve,  begr  the*  same  proportion  to  each  other  as  in 
the  prismatic  spectrum,  and  we  thus  finally  attain  the  object  of 
the  preceding  labor. 

If  now  it  is  desirable  to  map  the  distribution  of  the  energy 
OQ  any  other  scale,  such  as  that  on  which  the  abscissae  are  pro- 
portional to  the  times  of  vibration,  this  can  be  done  with 
Wity.     Thus,  in  the  supposed  instance,  we  have  only  to  find 

-for  each  vibration  number  to  get  the  abscissas,  and  (observ- 


i 

ing  that  since  y  now 
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\  I  to  use  the  multiplying  fac- 


tor-to obtain  the  height  of  the  new  ordinate  in  each  instance. 

fmn  which  (f=&  tan  ^. 

Kov,  when  a  and  c  are  indefiDitelj  small,  h  and  d  are  the  ordinates  of  the  pris- 
mie  ind  Dormal  energy  curves,  respectivelj,  at  a  given  wave-length,  and  0  is  the 
ID^  formed  by  the  tangent  to  £F  at  their  poiat  of  intersection.  Hence,  to  find 
fte  height  of  the  normal  curve  at  a  given  wave-length,  the  corresponding  ordinate 
«( the  prismatic  curve  must  be  multiplied  by  tan  0. 


♦Thia  Journal,  for  March,  1883,  Plates  III  and  IV  (where,  howovor.  the 
maximum  ordinate  of  the  normal  curve  is  through  an  error  in  the  drawing  not 
ihown  quite  in  its  true  position,  nearly  at  a=0'55). 

Am.  Joub.  Sol— Thibd  Sbribs,  Vol.  XXVII,  No.  159.— March,  1884. 
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le  length  of  the  new  energy  curve  between  the  limiting 

^ndiculars  (which  now  represent   the   reciprocals  of   the 

i-length),  is  to  be  the  same  as  in  the  old,  we  must  intro- 

a  constant. multiplier  n,  writing  the  equation  of  the  inter- 

ting  curve  y=  —,  so  that  the  multiplying   factor  becomes 


have  drawn  1n  this  way  (on  a  smaller  scale  than  that  of  the 
nal  or  prismatic  curves  and  following  the  smooth  curve  in 
tomier  as  my  original)  four  different  schemes  for  the  distri- 
on  of  the  energy.  Curve  A,  fig.  6,  represents  the  distribu- 
of  solar  energy  (after  absorption  by  our  atmosphere)  on  the 
nal  scale.  Curve  B,  fig.  6,  represents  the  same  distribution 
be  scale  of  wave-frequency  (general  equation  of  interpolating 

'ex=y,  proposed  by  Mr.  Stoney.)     Curve  C,  fig.  5,  repre- 

B  the  distribution  according  to  a  proposal  (x=log  X)  of 
i  Bayleigh. 

arve  D  ^=C)  is  quite  diflfereut  from  any  of  the  preceding. 
ives  the  distribution  on  a  scale  I  have  never  seen  proposed, 
which  I  have  found  useful.  In  this,  the  bounding  curve  is 
aight  line  parallel  to  the  axis  of  X.  This  construction  is  not 
suited  to  exhibit  the  cold  bands,  but  if  we  consider  only  the 
jral  distribution  of  the  energy  we  shall  find  that  curve  D  is 
merely  suggestive  as  illustrating  what  has  already  been  re- 
ked  here  as  to  the  conventional  character  of  the  methods  of 
ring  this  distribution,  but  that  it  has  more  practical  uses,  for 
lis  last  construction,  it  is  easily  seen  that  the  sums  of  the 
gies  between  any  two  wave-lengths  whatever,  are  directly 
ortional  to  the  distance  between  their  ordi nates,  measured 
he  axis  of  X.  If  then  we  desire  (for  instance)  to  know 
:  relation  the  invisible  bears  to  the  visible  heat,  or  to 
lire  about  what  point  in  the  spectrum  the  energy  is  equally 
ibuted,  these  and  similar  problems  are  solved  through 
e  D  by  simple  inspection. 

lave  not  been  able  yet  to  repeat  the  preceding  determina- 
upon  the  lower  part  of  the  spectrum  as  often  as  I  could 
They  are  susceptible  of  improved  accuracy  by  still 
;r  experiment,  but  I  think  that  within  the  limits  of  error 
ated  they  may  already  be  useful.  I  should  add  that 
ighout  this  investigation  I  have  received  constant  and 
ible  aid  from  Mr.  J.  E.  Keeler,  not  only  in  the  graphical 
ructions,  but  in  the  experiments  and  in  the  computations, 
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through  all  the  details  of  which  his  aid  has  been  more  that 
of  a  coadjutor,  than  an  assistant. 

Allegheny  (Observatory,  Allegheny,  Pa..  October,  1883. 

NoTK. — Sinoo  the  above  was  in  type  I  have  seen  the  interesting 
artide  by  Mr.  II.  Bocqueiel  in  the  Annalet*  de  Chimie  for 
SepteinhcV,  1H83. 

The  wave-lengths  assigned  by  M.  Hecqnerel  to  the  band  at  the 

limit  of  his  researches  at  l'''460  to  I'^MSO  appear  to  me  too  great, 
for  this  limit  corresjionds  to  the  diifuse  margin  of  the  wide  baDd 

the  wave-length  of  whose  coldest  part  is  given  at  1^'36  to  l''*37 
on  my  chart,  i)nblished  in  the  Comptes  Kendus  of  the  previoQi 
year  (Sc*pt.  II,  IH82)  and  on  a  larger  scale  in  the  American 
Journal  of  Science  for  March,  18H3,  and  in  the  Annates  de  Chimie 
for  August  of  this  year.  I  regret  that  M.  I^cquerel  has  iiot 
read  the  article  in  the  Com))tes  Kendus.  Had  he  done  so  he 
would  have  seen  that  the  wave-lengths  there  given  were  not  con- 
jectural, but  directly  determined  by  the  only  practical  method 
from  the  use  of  a  grating.  They  were  the  result,  in  fact,  of  the 
measurements  I  have  just  described,  and  were  specially  intended 
to  give  information  about  the  unknown  region  extending  beyond 
the  limit  of  M.  Hecquerel's  irsearches,  such  as  the  great  newly 
disco vtjred  band  i).^  for  inslauce,  which  stretches  from  wave- 
lengths I'^-SO  to  I'^-OO,  while  M.  Becquerel's  farthest  band  as  I 
have  sai<l  is  at  j'^-4H  (according  to  him;  but  according  to  my 
measures  more  nearly  at  I'^'JiH).  The  present  memoir  will  show 
what  degree  of  reliance  may  be  placed  on  these  measurements. 
It  is  understood  that  a  photographic  map  of  the  spectium  to 

l''*C,  and  therefore  covering  the  ground  of  M.  Becquerel's  paper, 
but  not  extending  ms  far  as  my  i)^  will  shortly  be  publishea  from 
the  joint  labors  of  Professor  Howland  and  Captain  A buey,  and 
as  their  results  from  the  nature  of  the  method  may  be  expected 
to  be  in  this  respect  more  exact  than  the  ])relimi  nary  explorations 
in  which  either  M.  Hecquerel  or  myself  have  been  engaged, we 
may  await  its  n])p<'afanci^  for  the  determination  of  a  part,  at 
least,  of  the  points  in  question. 

1  w<»uld  <:ill  attention  to  the  fact  that  M.  Becquerel  has  stated 
th:it  the  I'arthest  band  kn()wn  to  him  in  Sept.,  1883  (except  from 
my  own  researches),  ha<l  a  wave-length  of  not  over  1^*60,  accord- 
ing to  his  own  ivstimate.  j 
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Art.  XXni. — The  Quaternary  OraveU  of  Northern  Delaioare 
and  Eastern  Marylxtnd ;  by  FREDERICK  D.  Chester.  (With 
Map.) 

The  following  paper  contains  the  results  of  a  study  of  the 
Quaternary  clays  and  gravels  of  Northern  Delaware  and  East- 
cm  Maryland,  comprising  in  area  the  larger  portion  of  New 
Castle  and  all  of  Cecil  county,  and  extending  over  a  period 
of  nearly  a  year  and  a  half.     During  the  continuous  work  in 
the  fielu  for  the  past  three  months,  the  northern  boundary  of 
the  formation  or  shore  line  of  the  Quaternary  estuary  has  been 
traced  for  a  distance   of   forty  miles,  from  the  northeastern 
•  border  of  Delaware  across  the  State  into  Maryland,  to  within  a 
few  miles  of  the  Susquehanna,  where  it  curves  to  the  south, 
running  parallel  to  the  river  until  it  reaches  the  head  of  the 
Chesapeake,  west  of  Charleston.     All  of  tlie  area  south  of  this 
IIdc  to  a  parallel  marking  the  southern  border  of  Cecil  county 
has  been  systematically  studied  and  is  the  territory  presented 
for  consideration.     Tlie  entire  Delaware  and  Chesapeake  Penin- 
nila  is  covered  with  estuary  deposits  of  Quaternary  age,  and 
18  the  present  season  of  field  work  has  been  closed,  and  as  the 
lecQuiulated  facts  of  the  whole  area  would  be  too  great  for  a 
lingle  paper,  the  author  has  tliought  it  best  to  divide  the  whole 
pepinsula  into  two  or  three  divisions,  and  to  treat  each  sepa- 
rately, and  as  fully  as  the  facts  deserve. 

At  the  present  time  we  shall  therefore  discuss  what  we  shall 
call  the  northern  area. 

The  history  of  these  deposits  forms  a  part  of  the  history  of 
the  flooded  Delaware  whose  record  is  written  upon  both  sides 
of  the  river,  as  far  north  as  Belvidere,  where  the  much  swollen 
stream  entered  the  region  of  glacial  ice  and  ddbris.  Although 
any  systematic  study  of  the  Delaware  flo  >d  deposits  has  been, 
until  lately  much  neglected,  it  is  certain  th:\t  whenever  the 
scattered  pages  of  this  history  shall  have  been  collected,  they 
will  form  an  interesting  addition  to  our  present  knowledge  of 
glacial  and  postglacial  geology. 

General  considerations, — South  of  the  region  of  gneissic  and 
granitic  rocks,   which  are  the  highlands  of  both  States,  all  the 
main  topogra[)hical  features  are  dependent  upon  surface  forma- 
tions, the  chief  among  them  being  of  a  gently  rolling  and  even 
morainic  character  due  to  the  accumulation  or  irregular  distri- 
bation  of  gravel,  varying  in   nature  from  the  finest  sand  and 
ioam,  to  pebbles,  cobble  stones,  and  bowlders  of  several  tons  in 
weight.     Were  it  not  for  the  preconceived  idea  of  a  southern 
latitude,  one  might,  from  a  narrow  circle  of  observation  imagine 
himself  in  the  region  of  the  moraine  profonde.     So  great  is  the 
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physical  importance  of  these  morainic  gravels  that  one  is  imm* 
diately  led  to  the  study  of  them  in  their  relation  to  the  Deli 
ware  flood  history. 

Generally  speaking,  we  may  say  that  the  whole  region  i 
covered  with  an  upper  stratum  of  yellow  brick  clay,  san( 
loam  or  loamy  gravel,  having  an  average  thickness  of  aboc 
three  feet,  which  is  underlaid  by  a  thicker  stratum  or  series  c 
strata  of  gravel  and  sand,  varying  largely  in  its  characters  am 
degrees  of  coarseness,  and  having  a  usual  thickness  of  from  \ 
to  20  feet.  The  former  homogeneous  stratum  we  shall  call 
after  Professor  H.  C.  Lewis,  the  Philadelphia  Clay,  and  tb( 
latter  less  homogeneous  deposit,  after  the  same  author,  the 
Red  Gravel.  Although  the  Philadelphia  Clay  and  the  Red 
Gmvel  are  generally  distinct  deposits,  with  their  well  marked 
characters,  such  is  not  always  the  case,  for  the  two  often  ron 
into  each  other  indistinctly,  the  underlying  gravel  becoming 
slowly  argillaceous  as  the  surface  is  reached,  or  again  the  junc- 
tion between  the  two  being  entirely  obscured,  or  at  best  but  an 
indistinct  wavy  line.  We  therefore  regard  the  two  as  coDtem- 
l)oraneou8  deposits,  witjj  little  or  no  break  in  the  deposition, 
the  one  requiring  quiet  and  the  other  troubled  conditions  of 
sedimentation.  Considering  these  facts  it  seems  proper  thatthe 
two  indistinct  deposits,  i.  a,  the  Philadelphia  Clay  and  the 
Red  Gravel  should  be  included  under  one  head,  which  we 
shall  hereafter  call  the  Delaware  Oravek. 

2he  PhilaiUJphid  Clay, — The  Philadelphia  Clay  or  loanf  is 
the  universal  soil  of  the  entire  region,  and  is  an  unbroken  con- 
tinuation of  tiie  gneissic  soil  of  the  hills,  distinguished  from 
the  latter  only  by  the  presence  of  highly  water- worn  quartzose 
jK-bbles.  In  lithologic'al  cliaract(*rs  it  varies  greatly,  but  in  all 
cases  the  sand  i)artick\s  are  rounded  so  thoroughly  that  the 
sedimentary  and  remote  origin  of  the  clay  is  at  once  obvious. 
It  ranges  from  a  highly  j)lastic  brick  clay  to  a  loam,  even  at 
times  becoming  a  line  white  glass  sand.  It  is  usually  highly 
micaceous,  and  although  sonietinies  entirely  free  from  gravel  is 
upon  the  whole  more  or  less  tilled  with  it,  together  with  bowl- 
ders varying  in  weight  from  live  to  several  hundred  pounds. 
So  true  is  this  latter  statement  that  often  the  deposit  assumes 
the  characters  of  a  true  lH)wl(ier  <;lay,  which  fact  has  led  other 
gt'ologists  to  regard  it  as  the  same  material  transported  from 
tlie  ghicier's  foot.  This  is  more  |>articnlarly  true  of  special  re- 
gions, yet  the  illustrations  might  be  increased  indefinitely. 
Between  Elkton  and  01u\sj peak c  City,  the  Philadelphia  clay  is 
represented  by  one  thick  layer  of  ^zravel,  cobble  stones,  and 
bowlders,  cemcnt(Ml  by  the  smallest  quantity  of  a  very  stiff 
cla}^,  and  rising  in  high  hills  with  intervening  bowl-like  depr^ 
sions.     This  diluvial  stratum  w^hicli  rangos  in  depth  from  5tc 
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20  feet  is  foond  to  rest  directly  upon  the  Cretaceous  with  an 
entire  absence  of  the  Red  Gravel.  Also  between  Gravelly 
Hill  and  Charleston  the  same  features  are  prominent;  the 
Philadelphia  stratum  varies  from  a  refractory  white  clay  to  a 
coarse  yellow  and  white  gravel,  while  the  surface  is  literally 
strewn  with  cobble  stones  and  bowlders,  making  the  country 
UDusaally  barren. 

Near  the  neighborhood  of  Christiana,  and  from  there  to  New 
Castle,  the  clay  rises  in  high  hills  along  the  creek,  where  it  is, 
in  places,  entirely  replaced  by  bowlders  and  cobble  stones,  rep- 
resenting the  Potsdam,  Millstone  Grit,  and  Trias. 

The  true  brick  clay  is  confined  to  the  low  flat  lands  along 
the  border  of  the  Archaean  hills,  where  the  extensive  brick 
yards  of  Wilmington,  Newark  and  Elkton  obtain  material  for 
the  best  variety  of  brick ;  but  traveling  to  the  south,  especially 
between  Kirkwood  and  the  Canal,  or  to  the  southwestern 
limits  of  the  region,  the  clay  changes  to  a  sandy  loam  or  even 
a  yellow  and  gray  sand,  which  is  always  mixed  with  its  due 
proportion  of  gravel. 

The  Red  Oravel  varies  still  more  than  the  clay  in  its  litho- 
logical  characters,  and  consists  of  coarse  red,  yellow  and  gray 
aands,  mixed  with  very  characteristic  white  oval  quartzose 
pebbles  varying  in  size  from  a  bean  to  a  hen*s  egg. 

From  the  similarity  between  widely  separated  sections,  the 
Be<l  Gravel  seems  to  have  a  rough  arrangement  into  three  dis- 
tinct strata  with  quite  constant  lithological  differences.  This 
an^ngement  is  no  doubt  continuous,  although  there  are  local 
exceptions  where  only  two  out  of  the  group  of  three  are  repre- 
aented.  In  all  cases,  however,  the  order  of  superposition  re- 
mains the  same,  while  each  stratum  maintains  its  own  individu- 
ality. Beginning  with  the  base  of  the  Philadelphia  clay,  the 
following  is  the  order,  with  the  characters  of  each  stratum. 

1.  Red  sand  mixed  with  characteristic  oval  quartzose  peb- 
j,  varying  in  thickness  from  3  to  10  feet.     The  amount  of 

red  argillaceous  matter  varies  greatly,  the  gravel  sometimes  be- 
ing clean,  and  again  when  wet  forming  a  very  disagreeable 
mud.  It  is  generally  free  from,  yet  again,  is  entirely  filled  with 
fragments  of  mica  and  mica  schist,  becoming  a  red  micaceous 
fland. 

2.  Alternate  layers  of  pebbles,  with  coarse  red,  yellow,  gray 
and  black  sand,  entirely  free  frora  argillaceous  mattei^  and  show- 
ing excellent  examples  of  irregular  bedding,  particularly  ob- 
lique lamination,  and  flow-and-plunge  structure.  This  stratum 
varies  in  thickness  from  3  to  10  feet. 

8.  A  fine,  clean  yellow  sand  showing  very  delicate  examples 
of  oblique  lamination  with  flow-and-plunge  structure. 
The  Red  Gravel  is  abundantly  exposed  along  all  the  roads 
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ind  railroads  tntTersing  the  region,  wbeoever  the  tains  dopes 
can  be  sufficiently  removed  to  give  perpendicakr  cnttings,  yet 
it  in  only  in  the  deeper  gravel  pits  and  cottinga  of  railroads  tnat 
the  deposit  cao  be  eufficientlj  exposed  to  give  complete  results. 
It  covers  the  whole  region  examined,  and  appears  to  main- 
tain as  great  a  thickness  along  the  southern  line  of  oar  present 
area  as  to  the  north,  one  well  near  Middletowa  failing  to  pene- 
trate the  red  gravel  at  a  depth  of  35  feet. 


From  the  identity  of  this  gravel  with  the  deposits  described 
by  Profeasor  H.  Cnrville  Lewis*  as  found  along  the  valley  of 
the  Delaware  River  both  iiortli  and  south  of  Philadelphia,  it  is 
evident  that  the  same  is  a  true  river  gravel  and  similar  to  all 
the  deposits  which  our  present  streams  lay  down  over  the  beds 
of  the  estuaries  into  which  they  empty. 

From   the  universal  coarseness  of  the  gravel,  also,  together 

with    the   abundant   evidences  of    flow-and -plunge   structure, 

more  particularly  shown  along  the  northern  line,  it  ia  evident 

that  the  same  must  have  been  deposited  by  a  swift  current,  and 

'Ck-ologj-  of  Pbilndelpliia.     Lecture  Iwforethe  FranliliD  Inilitute,  Jan.  13,  I88>. 
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et  from  the  vertical  heights  at  which  this  gravel  is  found  the 
arrent  must  have  beeu  deep  as  well  as  swift.  A  glance  at  the 
lap  will  show  that  the  northern  limit  of  the  Delaware  Gravels 
ana  approximately  parallel  to  the  river,  where  the  same 
rodses  the  northern  limits  of  the  State.  This  river  during  the 
itter  part  or  close  of  the  Glacial  period  was,  as  we  know,  a 
wollen  rushing  flood,  having  a  width  of  about  ten  miles  and 
n  average  depth  of  over  200  feet.  It  emptied  into  the  Dela- 
ware Estuary  near  Wilmington,  and  its  current,  urged  on  with 
.  tremendous  bead,  instead  of  bending  to  the  south  and  south- 
ast,  as  is  indicated  by  the  present  flow  of  the  river,  must  have 
ontinued  in  its  same  southwesterly  course  entirely  across  the 
State  into  Maryland,  until  it  reached  the  head  of  the  Chesapeake, 
irhere  it  was  stopped  by  the  high  hills  which  rise  above  the 
level  of  the  shore  iina  A  belt  of  gravel  thus  stretched  across 
the  head  of  the  estuary  by  the  current  of  the  river  would  be 
Bubsequently  spread  out  by  the  waves  as  a  brojid  sheet  to  the 
south. 

During  the  entire  time  spent  in  systematic  work  in  the  field, 
ihe  record  of  every  section  has  been  kept ;  between  them  all 
there  is  great  similarity,  hence  it  will  only  be  necessary  to  give 
a  few  of  those  which  show  most  clearly  the  range  of  variation. 
The  new  extension  of  the  Baltimore  and  Ohio  Railroad  now  in 
process  of  construction,  and  extending  approximately  along 
the  entire  length  of  the  shore  line  has  offered  most  valuable 
aid,  especially  as  the  sections  there  are  freshly  cut. 

Section  on  Baltimore  and  Ohio  E.E.,  Newark^  Del. 

Feet. 

1.  Yellow  brick  clay,  free  from  gravel 3 

2.  Red  Sand,  highly  argillaceous,  free  from  gravel 8 

3.  Rock  undecomposed. 

• 

Section  in  Ghravel  JPit,  Netjoark,  Del. 

1.  Yellow  brick  clay,  free  from  gravel 3*6 

2.  Red  micaceous  sand,  free  from  argillaceous  matter 

with  coarse  gravel  and  sand  in  lower  part 12 

3.  White  fire  clay.     Cretaceous. 

One  mile  north  of  Newark^  on  Pa.  R.R. 

1.  Yellow  brick  clay 3*5 

2.  Red  sand,  coarse,   micaceous   with   oval   quartzose 

pebbles 8 

\  Alternate  layers  of  gravel,  with  black  and  brownish 
sand,     irregular    bedding     with     flow-and-plunge 

structure 3*76 

Fine  yellow  clean  sand 2*6-|- 
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Tkoo  miles  northe<i9t  of  Stanton^  Del.^  an  BaUimore  and  Ohio  R.R. 

1.  Loam  and  sandy  clay 4 

2.  Red,  yello^i  and  black  sand  with  alternate  layers  of 

pebbles,  no  argillaceous  matter.  Very  fine  exam- 
ples of  flow-and-plunge  structure,  and  other  yari- 
eties  of  irregular  bedding * 20+ 

Stanton,  Del. 

1 .  Yellow  clay,  sandy  and  micaceous 4 

2.  Red  sand ^ 

3.  Alternate  layers  of  clean  sand  with  coarse  and  fine  >•    14+ 

gravel,  with  flow-and-plunge  structure ) 

Nexcport^  Del.  (gravel  pit,) 

1.  Yellow  clay 2 

2.  Coarse  red  sand  and  gravel,  compact   and   highly 

argillaceous 10 

3.  Yellow  sand,  delicate  examples  of  flow-and-plunge 

structure -.-         2-f— 

Wilmingtony  Del.  {gravel  pit)  ^  altitude  264  feet. 

1.  Yellow  clay S 

2.  Red  sand,  compact  and  argillaceous  with  pebbles 6 

3.  Alternate  layers  of  yellow  and  black  sand  with  peb- 

bles, flow-and-plunge  structure    10--.-.^ 

Christiana,  Dei.  (gravel  pit.) 

1.  Yellow  clay & 

2.  Coarse  clean  sand  and  gravel  irregularly  bedded ^^  + 

Delaioare  City,  Del. 

1.  Yellow  clay ^'5 

2.  Irregular  layers  of  red  sand  and  coarse  gravel <4 

3.  Yellow  and  gray  sand  with  fine  oblique  lamination..  2^ 

Section  1*5  miles  south  of  Kirkwood,  Del, 

1.  Yollow,  gravelly  clay  3'6 

2.  Coarse  red  and  black  sand  with  gravel 4-4- 

Gravelly  Hill,  Md.,  (altitude  ^^%feet). 

1.  Yellow  clay 2-* 

2.  Red  compact  gravel,  higlily  argillaceous 1.  ^+ 

(A  well  near  this  8|)ot  showed  a  depth  of  the  gravel 
of  30-40  feet,  with  fine  sand  below.) 

Jfiddletomi,  Del. 

1 .  Yellow  clay 2"   "5 

2.  Red  sand  and  coai^se  gravel .    S^6^ 
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re  Imic — ^After  having  finished  the  tracing  out  of  the 
of  the  Delaware  estaarj,  which  is  recorded  upon  the 
aeasorements  of  the  altitadea  of  the  terrace  at  differ* 

along  its  line  were  undertaken.  All  the  heights 
1  with  a  Gay-Lussac  barometer,  with  vernier  arrange- 
EueaBuring  tenths  of  millimeters,  making  the  nsaal 
I  for  teraperatare.    Each  measarement  was  accompa- 

duplicate,  and  only  confirmatory  results  accepted, 
sthod  much  more  accurate  results  were  obtained  than 
nth  the  use  of  the  aneroid. 


'^ilgiington 264 

k,  Del 269 

Tewport 284 

ItantOD 249 

Del 269 

ek^Del 192 

Y  Creek  Church, 
146 


tde9  were  calculated  from  tide  water  at  Ddaware  OUy. 

Feel.  »•€_ 

Newark,  Del 100 

ElkMilis,  Md 166 

Brewster's  Mill,  Md 216 

Cherry  Hill,  Md. 255 

Back  of  New  Leeds^  Md..  860 

Egg  Hill,  Md 870 

Gravelly  Hill,  Md 888 


lese  figures  it  is  seen  that  the  shore  line  is  by  no 
ivel  one,  and  to  a  person  acquainted  with-  the  region 
I  is  obviou&  The  shore  line  rests  throughout  its 
;th  upon  the  slopes  of  the  Archsean  highlands ;  these 
e  since  the  final  elevation  of  the  land  suffered  uresX 
;ion,  whereby  all  definite  traces  of  a  terrace  have 
oyed,  and  the  author  has  found  it  to  be  generally  true 
iver  the  gravels  rose  to  great  height,  the  underlying 
bard  and  durable,  and  vice  versa.  At  Newark  the 
rises  only  80  to  100  feet  above  tide ;  here  the  rocks 
J  rapidly,  while  between  Stanton  and  Newport,  along 
the  gravel  rises  over  200  feet  higher,  and  here  the 
ne-grained  quartzitic  gneiss,  is  extremely  durable. 
g  the  terrace  between  Gravelly  and  Egg  Hills,  the 
s  to  the  greatest  elevation  along  the  line,  while  here 
rock,  which  is  a  dioritic  trap,  is  even  more  durable 
of  Stanton.  We  have  then  to  regard  the  present 
he  gravels  as  the  ragged  remnants  of  what  was  once 
race  due  to  the  varying  durability  of  the  hills  on 
iks  the  shore  line  rested. 

is  is  true  is  shown  by  the  finding  of  cobblestones  and 
ders  in  places  at  considerable  distances  above  what 
tly  the  line  of  the  terrace,  mingled  with  the  angular 
'  gneiss.  In  places  in  Cecil  county,  in  traveling  from 
nto  the  region  of  gravel,  I  have  often  thought  I  had 
le  shore  line  by  the  piles  of  cobble  stones  on  every 
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hand,  when  a  few  steps  beyond  would  bring  ms  into  a  regi< 
of  angular  fragments  again,  while  still  further  bejond,  the  n 
broken  expanse  of  gravel  would  be  reached. 

But  the  best  evidence  bearing  upon  this  point  is  to  be  foai 
near  Newark.  I  have  said  that  there  the  gravel  only  ris 
about  100  feet  above  tide,  where  the  rock  is  a  very  friable  mi 
schist  and  plagioclase  gneiss,  both  of  which  are  now  decayii 
with  great  rapidity.  Iron  Hill,  as  will  be  seen  by  the  map, 
situated  about  three  miles  due  south,  and  here  I  have  found 
few  of  the  characteristic  quartzose  cobble  stones  within  abo 
30  feet  of  the  summit  or  at  a  height  of  about  225  feet  abo 
tide,  instead  of  100  as  is  the  case  at  Newark.  These  fac 
are  enough  to  convince  ns  that  the  present  shore  line  is  not  tl 
original  one,  which  would,  in  many  cases,  considering  the  toji 
graphy,  have  to  be  several  miles  to  the  north.  Taking  tl 
facts  as  a  whole,  however,  the  depth  of  the  estuary  waters, 
depression  of  the  land,  must  have  been  at  least  350  feet,  whi< 
depression  would  have  sufficed  to  cover  the  whole  peninsu 
with  water,  uniting  the  Delaware  with  the  ChesapeaKe.  Tli 
glacial  arm  of  the  sea  we  shall  most  fittingly  call  the  Delawa 
Estuary, 

The  floor  of  the  Kstuary. — The  ba.se  of  the  Delaware  gravel 
which  is  both  the  plastic  clay  of  the  Cretaceous,  and  the  u 
turned  edges    of  tne  gneiss,   has  everywhere  suffered  erosio 
The  red  clay  is  generally  a  wavy  irregular  line,  while  thegne 
when  not  decomposed   has  been  well  worn.     Clearly  mark 
diluvial  grooves  have  in  several  cases  been  seen  running  w 
the  direction  of  the  current,  whenever  the  upper  edges  of  i 
rocks  happened  to  be  freshly  exposed,  while  again  the  ed 
have  undergone  a  rough  polishing  as  from  the  corrasive  act 
of  transported  sand. 

Boxvldera, — Besides  the  Delaware  gravels,  a  most  chani 
istic  feature  of  the  region  is  its  bowlders.     By  this  we,  ' 
particularly,  mean  those  isolated  ones,  which  cover  the  su 
of  the  clay,  rather  than  those  which  form  a  part  of  the 
itself,  although  tliey  are  contemporaneous  and  have  the 
rock   representatives.     They  are  usually  quartzose,   inci 
the  glassy,  flinty  jmhI  quartzitic  varieties,  and  vary  in  siz< 
several  hundred  pounds  to  a  ton  or  more  in   weight, 
piles  of  these  have  been  collected  from   numerous  fields 
quartzose    varieties,    even    tliose   of  several   hundred 
weight,  are  all  well  rounded,  evidently  by  water,  and  f 
glacial  scratches.     Tiiose  made  up  of  coarse  constitu 
more  angular,   and   in  some  cases   have    shown    obsc 
dences  of  glacial   markings,   thou«i;li   as  a  general   th 
show  no  such  signs.     Their  glacial  and  iceberg  origi 
ever  certain,  belonging  to  those  bowlders  borne  upo' 
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face   rather   than   ground   beneath   the  glacier's    base.      The 
largest  ones  are  scattered  over  the  low  ground  or  Cretaceous 

i>lain,  yet  often  those  weighing  several  hundred  pounds  are 
bund  as  high  as  250  feet  above  tide.  Among  the  rock  species 
found  in  bowlder  examination,  the  following  are  the  most 
prominent : 

1.  Fine  grained  red  sandstone,  certainly  Potsdam. 

J.  Dioritic  trap,  similar  to  Triassic  bedded  trap,  (one  3'x2^'x2'). 

8.  Yellow  friable-sandstone. 

4.  Hornblende  rock  in  massive  bowlders,  (one  2'xli'XH'.) 

6,  Black  micaceous  granite,  foreign  to  the  State,  (one  2i'x2'x  1'.) 

6.  Gneiss  far  to  the  south,  (one  2  X  li'). 

7.  Compact  gray  limestone. 

8.  Quartzose,  (one  3'x2'  9"x2'). 

The  evident  fact  that  these  larger  bowlders  are  of  iceberg 
origin,  and  their  similarity  with  the  smaller  ones  embedded  in 
the  Philadelphia  clay,  show  that  this  deposit  was  contempora- 
neous with  the  final  breaking  up  of  the  glacier.  Even  the  unsci- 
entific eye  cannot  fail  to  be  attracted  to  the  great  abundance  of 
cobble  stones  which  cover  everywhere  the  surface  of  the  country, 
and  made  to  see  the  great  part  which  icebergs  play  as  agents 
of  transportation  and  deposition. 

Bowlders  from  Iron  and  Chestnut  Hills. — The  author  has  in 
a  former  paper  (this  Journal,  Jan.,  1883),  called  attention,  under 
ihe  title  of  Bowlder  Drift  in  Delaware^  to  two  hills  lying  to  the 
south  of  Newark.  These  solitary  elevations  have  for  an  indefi- 
nite lime  attracted  the  attention  of  local  scientists,  who  I  believe 
have  been  united  in  their  statements  as  to  the  cause  of  their 
bowlder  phenomena,  which  are  thickly  strewn  over  summit  and 
flank.  It  would  be  unnecessary  again  to  refer  to  this  interesting 
case,  except  that  several  distinguished  geolojjisis  unacquainted 
with  all  the  facts,  have  been  inclined  to  call  the  rounded  trap 
rocks  bowlders  of  disintegration,  rather  than  of  iceberg  origin. 

I  have  first  to  state,  that  since  the  writing  of  the  paper  above 
mentioned,  there  has  been  exposed  an  outcrop  of  st^rpentiue 
rock,  evidently  eruptive,  from  the  fact  that  the  strike  of  the- 
same  is  nearly  at  right  angles  with  the  Primary  gneiss,  follow- 
ing the  trend  of  the  hills.  How  wide  this  serpentine  dike  is 
we  are  unable  to  state,  but  it  evidently  forms  the  core  or  back- 
bone of  the  elevations. 

A  glance  at  the  map  again  will  show  that  these  hills  lie 
directly  across  the  current,  whicli  by  checking  its  force  and 
producing  an  eddying  would  liave  caused  an  unusual  deposi- 
tion of  the  gravel  at  that  point.  Icebergs,  with  their  roots 
reaching  deep  into  the  water  would  further  be  stranded,  and 
theirlarge  bowlders  dropped.  It  is  then  easy  not  only  to  account 
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for  the  great  thickness  of  gravel  which  washes  their  baaes,  bat 
also  for  the  enormous  rounded  bowlders  of  trap  which  cover 
their  faces.  The  height  of  Iron  LI  ill  as  stated  in  the  previous 
paper,  and  confirmed  bv  a  late  measurement  is  227  feet,  or  275 
feet  above  tida  This  hill  must  have  then  been  totally  submerged. 
To  those  who  still  think  that  the  trap  bowlders  are  of  dike  ori- 
gin, it  will  be  best  to  present  the  following  arguments: 

1.  At  the  northern  foot  of  Iron  Hill,  there  was  found  an. 
immense  pile  of  rounded  and  sub-angular  bowlders  piled  on 
top  of  each  other,  like  stone  dumped  from  a  cart  These  were 
not  rolled  bowlders,  for  their  size  of  many  tons  would  preclude 
all  idea  of  their  being  thus  piled  up.  With  these  were  aeso- 
ciated  large  quartzose  bowlders  of  undoubted  iceberg  origin. 

2.  Bowlders  similar  to  those  covering  the  hills  are  found  to- 
the  northeast,  and  in  fact  as  far  off  as  Christiana  and  Stanton. 

8.  Bowlders  are  found  lying  upon  the  ground  above  the  iron 
ore  pits,  while  no  signs  of  a  similar  rock  are  found  in  the  cut- 
tings either  fresh  or  decomposed. 

4.  The  traj)  bowlders  of  supposed  dike  origin  are  found 
associated  with  otlicr  rocks  of  which  we  have  :  one  bowlder  of 
red  orthoclase  granite,  one  bowlder  of  black  micaceous  gneiss, 
one  bowlder  of  limestone,  numerous  bowlders  of  decomposed 
ferruginous  quartz,  and  bowlders  of  a  coarse  ferruginous  sand- 
eston  which  have  been  found  scattered  quite  widely  over  the  area 
to  the  nortlieast  These  latter  rocks  were  found  in  such  laige 
quantities  upon  the  hill  that  they  were  utilized  as  trimming* 
for  the  Presbyterian  church  of  Newark. 

With  the  main  facts  of  the  cnsethus  briefly  stated,  it  seema 
that  there  can  ])c  left  no  room  for  doubt  as  to  the  iceberg  origiix 
of  the  trap  bowlders  even  in  such  isolated  positions. 

Moraimc  Phenomena, — We  have  already  referred  to  the  mo- 
rainic  character  of  the  whole  region  of  which  we  have  been 
treating.  These  humniocky  elevations  are  cut  through  by 
every  road,  whereby  their  internal  nature  is  revealed.  Some- 
times they  rise  to  a  height  of  fifty  feet,  but  have  a  general  ele- 
vation of  from  ten  to  twenty.  They  are  absent  from  no  part  of 
the  region,  and  with  the  enclosed  bowl-like  depressions  which 
separate  them,  the  whole  country  assumes  a  rolling  character. 
This  is  generally  due  merely  to  a  swelling  of  both  the  claj  and 
underlying  gravel,  but  iis  tlie  clay  has  but  slight  thickne« 
compared  with  the  height  of  the  moraines,  and  as  this  thickness 
is  usually  uniform,  the  swelling  becomes  mainly  confined  to  the 
underlying  gravel.  This  gravel  deposited  in  the  troubled  wa- 
ters of  the  glacial  and  postglacial  estuary,  with  its  strong  cur- 
rents, eddies,  and  waves,  was  therefore  deposited  unevenly  over 
the  estuary  floor.  Taking  into  further  consideration  the  erosion 
which  the  gravel  must  have  suffered  during  the  deposition  of 
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the  clay,  with  the  comparatively  slight  erosioD  from  surface 
washings  and  weathering,  since  the  region  became  land,  we  can 
account  for  all  the  physical  features  of  the  surface. 
But  besides  these  mere  swellings  of  the  surface  formations, 
there  are  occasionally  found  coarse  gravel  hills,  which  probably 
were  shoal  deposits.  They  rest  upon  the  Philadelphia  clay, 
with  their  bases  ground  into  it.  They  are  later  in  age  than  the 
latter  deposit,  belonging  to  the  time  when  by  the  final  eleva- 
tion of  tne  land,  the  waters  of  the  estuary  became  more  shal- 
low and  thus  more  efBcient  in  piling  up  such  shoal  deposita 
Between  Newark  and  Elkton,  a  gravel  hill  rises  to  a  height  of 
50  feet  above  the  railroad.  It  is  made  up  of  coarse,  clean, 
yellow  sand,  with  pearly  white  quartzose  pebbles.  No  stratifi- 
cation is  visible  and  the  gravel  extends  downward  for  the 
whole  60  feet  before  the  true  estuary  deposit  is  reached. 

Modem  alluvium, — Following  the  river,  from  the  northern 
to  the  southern  limits  of  the  region  one  notices  a  belt  of  marsh 
land  upon  the  Delaware  side,  beyond  which   are  the  gentle 
swellings  of  the  gravels.     This  marsh  land  has  been  made  in, 
very  recent  times,  and  consists  of  black  mud,  blue  clays  and 
river  sand  of  great  thickness.     A  boring  made  upon  the  Fort 
Delaware  Island  has  penetrated  through  alluvium  for  a  dis- 
tance of  100  feet. 
[        This  alluvial  formation  has  no  particular  geological  interest, 
[      except  that  it  indicates  a  greater  width,  but  not  necessarily  a 
greater  height  of  the  river  than  at  present. 

Baumi. — In  conclusion,  the  following  are,  in  brief,  the  main 
events  of  the  Delaware  flood  history  as  revealed  by  the  ob- 
served facta  Toward  the  close  of  the  Glacial  period,  the  land 
of  the  peninsula  became  depressed  to  a  distance  of  at  least  850 
feet  Into  the  Delaware  estuary  thus  formed  the  river  of  the 
same  name,  fed  by  the  melting  glacier,  poured  its  swollen  rush- 
ing flood.  Its  current,  urged  by  such  a  tremendous  head, 
poshed  its  way  across  the  States  of  Delaware  and  Maryland,  to 
the  head  of  the  Chesapeake.  By  means  of  this  current  and  the 
subsequent  distributing  action  of  the  waves,  the  red  gravel  was 
deposited. 

Later  on,  the  extreme  violence  of  the  flood   subsided,  the 
land  began  to  rise,  and  the  glacier  of  the  far  north  to  break 
up.    During  this  quieter  period  the  Philadelphia  clay  was  de- 
posited, while  the  floating  icebergs  descending  the  river  dropped 
over  the  estuary  floor  its  bowlders.     The  land  continued  to  rise, 
until  the  water  became  shallow,  when  the  shoal  gravels  were 
piled  up  by  the  waves  and  tides,  and  the  elevation  still  contin- 
Tzing,   the  river  began  more  and  more  to  assume  its  present 
channel,  and  the  waters  of  the  Delaware  and  Chesapeake  were 
Anally  parted. 

Delaware  CoUege,  Jan.  Ist,  1884. 
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Abt.  XXIV. —  On  the  identity  of  SeoviUite  with  Rhabdophaiie ; 
by  Geo.  J.  Bkush  and  Samuel  L.  Penfield. 

Last  spring  we  described  a  hydrous  phosphate  of  the  cerium 
and  yttrium  earths  from  Salisbury,  Conn.,  as  a  new   mineral, 
giving  it  the  name  SeoviUite.*     Our  attention  has  recently 
been  called  to  the  close  resemblance  of  this  mineral  with  rhab- 
dophane,  a  mineral   from  Cornwall  in  England,  originally  de- 
scribed by  W.  G.  Lettsonijf  as  essentially  a  phosphate  of  didy* 
mium  and  other  cerium  earths  and  supposed  to  be  analogous 
to  monazite  in  composition.     A  further  investigation  of  rhab- 
dophane  by  E.  Bertrand:|:  gave  the  composition  as  an  anhydrous 
phosphate  of  cerium  and  yttrium  earths  closely  related  to  phoe- 
phocerite  and  cryptolite.     A  more  recent  investigation  by  W. 
N.  Hartley,§  however,  proves  the  mineral  to  be anydrous  phog. 
phatc  of  these  earths,  of  essentially  the  same  composition  as 
scovillite.     Professor  Hartley  s  analyses  were  published  in  ad- 
vance of  ours  and  we  greatly  regret  his  paper  was  not  seen  bjr 
us  prior  to  the  announcement  of  our  results.     Taken  in  con- 
nection with  the  description  of  the  physical  characters  given  by 
Lettsom,  these  analyses  leave  no  doubt  as  to  the  essential  iden- 
tity of  the  two  minerals,  although  there  are  variations  in  the 
relative  amount  of  the  constituent  isomorphous  earths.    The 
American  mineral  contains  no  cerium  oxide,  and  has  a  lai^ger 
percentage  of  yttrium  earths. 

Our  mineral  contained  3'59  per  cent  of  carbonic  acid,  which 
we  stated  might  be  considered  as  due  to  admixture  with  lantha- 
nite  R,(CO,),  911,0,  or  possibly  it  might  be  an  undescribed 
carh«)nate  of  the  composition  R,(CO,)„  8H,0.  In  the  former 
case  the  remaining  scovillite  would  have  the  composition 
R,(l'O0,tr,<  >»  i"  the  latter  it  would  be  K,(PO,),  2H,0.  The  Eng- 
lisli  rhabdopliane  is  shown  by  Hartley  to  be  free  from  carbonic 
acid,  and  the  composition  is  R,(PO^\-f  2 11,0,  consequently  we 
must  conclude  that  the  American  mineral  (scovillite)  is  associ- 
ated with  a  carbonate  of  the  composition  Ii,(CO,)„  8H,0. 
Assuming  this  to  be  true  we  have  present  in  the  analysis  we 
have  given  14*11  per  cent  of  this  carbonate  with  85*72  percent 
of  R,(PO^\  2H,0.  If  we  may  calculate  the  theoretical  compo- 
sition of  this  phosphate,  assuming  the  relation  of  the  yttrium 
to  the  cerium  earths  to  l)c  1 : 4,  we  have  Pfi^  2840,  (Y,Er),0, 
11-12,  (La,  Di),0,  5;^28  U.O  7-20  =  100.     This  is  in  close  cor- 

*  This  Journal,  III,  xxv,  459,  June,  1883. 

f  Com  pies   Kondus,  April  22,   1878.     Communicatad  to  the  Academy  bj  M. 
Lecoq  de  l^oisbaudran. 
i  Bulletin  do  la  iSocioto  Min^ralogique,  iii,  Gl. 
§  Journal  of  Chemical  Society,  May,  1882,  p.  210. 
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pondence  with  the  results  found  by  Hartley  and  ourselves, 
iich  calculated  for  comparison  up  to  100,  are  as  follows : 


Rhabdophane.* 

BcoTiUlte. 

Theory 

PtO., 

26-26 

29-10 

28-40 

(Y,E),0.      { 

65*75 

993 

11-12 

(La,  DihC  ) 

53-82 

53-28 

Fe,0„ 

•29 

H,0. 

7-99 

6-8G 

7-20 

100-00  10000  100-00 


Of  the  Cornish  mineral  it  is  stated  that  only  four  specimens 
e  known,  and  these  are  from  old  collections  made  in  Corn- 
all  prior  to  1820.  It  is  a  very  interesting  circumstance  that 
lis  rare  hydrous  phosphate  should  be  found  in  this  country, 
lihough  here  also  only  a  few  specfmens  have  thus  far  been 
btained. 


Art.  XXV. — 7%c  Sun  Glows ;  by  Henry  A.  Hazen. 

(Read  Feb.  16th,  before  the  Philosophical  Society,  WashiDgton,  D.  C.) 

The  recent  brilliant  lighting  up  of  the  skies  after  sunset 
ind  before  sunrise  have  attracted  universal  attention,  mingled 
D  many  instances  with  not  a  little  superstitious  dread.  Phys- 
cists  have  taken  the  matter  in  hand  and  have  advanced  the 
nost  diverse  hypotheses  for  an  explanation.  One  of  these  is 
hat  immense  volumes  of  volcanic  gas  were  ejected  on  Aug. 
16,  1883,  into  the  atmosphere  from  the  Straits  of  Sunda,  and 
bat  these  glows  have  been  due  to  the  diffusion  of  this  gas,  and 
arthermore  that  this  gas  has  so  enveloped  the  earth  as  to  keep 
]  its  summer  warmth,  so  that  a  mild  winter  has  resulted. 

Another  theory,  which  seems  to  have  gained  the  most  ad- 
erents  of  any,  is  that  the  volcanic  eruption  mentioned  above 
lied  the  air  to  a  great  height  with  ashes  and  that  the  upper 
irrents  have  distributed  these  ashes  over  the.  earth,  thus  caus- 
ig  an  ash  canopy,  reflection  from  which  results  in  the  glow, 
'his  is  the  theory  so  ably  advocated  by  Mr.  Lockyer  in  Nature, 
nd  more  recently  by  Mr.  Upton  in  Science. 

The  seemingly  unusual  nature  of  the  phenomenon,  calling 
>r  an  extraordinary  explanation,  has  induced  some  to  advance 
36  theory  that  the  earth  in  its  orbit  has  encountered  a  stream 
f  minute  meteors  or  a  cloud  of  cosmic  dust,  and  that  the  glow 

♦Hartley's  analysis  Krave  (("e,  La,  I)i.  Yt.),03  G1G9,  PjOj  2 464,  Al,()3,  FoaO,, 
lO.  MjfO  with  some  PaOs  1'93,  SiOs  ^i  "6.  comlnned  IIjO  7r)i»='J:^.V2.  The 
OTe  excludes  5'69  impurities,  loc.  cit..  p.  214.  other  Hnalyses  are  given  in  the 
per,  in  one  of  which  23-19  per  cent,  corous  oxide,  and  209  yttrium  oxide  were 
L&ineil. 

Lm.  Jocr,  Scl — Third  Series,  Vol.  XXVU,  No.  159.— March,  1884. 
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18  dae  to  reflection  from  these  particles  kept  at  a  great 
by  electrical  repulsion. 

It  is  the  purpose  of  this  article  to  give  : 

1st.  A  general  idea  of  the  earliest  appearances  of  tl 
Domenon.     2d.  To  describe  what  may  be  seen  by*an  oi 
observer  even   to-day.      3d.  To  present  the  vapor  thee 
answer  objections.     4lh.  To  show  why  the  "  volcanic 
and  '^cosmic  dust''  hypotheses  are  untenable. 

Bemarkable  sunset  phenomena  are  reported  as  occur] 
various  dates  at  the  following  places. 

Date.        Place.  Lat. 

1883,Aug.28.  Mauritius... 20"  S. 

30.  Maranham,  Brazil 2    S. 

Sept.    1.  New  Ireland 6    8. 

2.  Venezuela .* 10  N. 

9.  Hawaii 20  N. 

8.  Ceylon 1  N. 

16.  South  Australia 38    S. 

20.  Cnpe  of  Grood  Hope 36   S. 

Oct.      8.  Florida 29  N. 

19.  Yuma,  Cal , 33  N. 

Nov.     9.  Kngland 52  N. 

20.  Turkey. 

27.  British  Columbia,  Ah).,  Cal.,  Conn.,  Dak.,  Fla.,  6a.,  DIb.,  In 
Eans.,  Mo.,  Md.,  Mass.,  Mich.,  Mo.,  Neb.,  N.  II.,  N.  1 
l*a.,  Va.,  Wis.,  Gennany,  Italy,  Spain,  France,  Sweden, 

Allowing  for  cloudiness,  on  certain  days,  it  will  be  se( 
before  Sept.  8  a  belt  of  the  earth*s  surface  15°  on  either 
the  equator  was  suddenly  visited  by  the  phenomenor 
first  sight  it  might  appear  that  there  was  a  regular  prog 
from  the  Indian  Ocean  westward,  but  on  that  supposi 
would  be  hardly  possible  to  explain  why  Venezuela 
have  seen  the  ^low  six  days  earlier  than  Ceylon,  thougli 
what  farther  north.  The  j)henonienon  might  have  be< 
at  Hawaii  and  even  at  Ceylon  the  last  of  August  hat 
been  for  cloudiness ;  and  granting  this  it  is  plain  that  j 
ances  might  have  been  well  nigh  instantaneous  over  the: 
near  the  equator.  The  glow  was  marked  at  Yuma  on  C 
20  and  21,  after  whicii  it  ceased  for  a  month.  It  wj 
seen  in  the  eastern  United  States  on  Oct.  80,  when  the  i 
ance  was  very  brilliant;  the  same  sight  presented  its 
next  night,  but  after  that  it  did  not  again  appear  as 
though  carefully  looked  for,  until  Nov.  27.  On  this  ni| 
spectacle  in  the  southwest  was  grand  and  acknowledged  b 
tne  finest  even  to  the  present  time.  The  fire  engines,  at ! 
keepsie,  N.  Y.,  and  at  New  Haven,  Conn.,  were  summo 
**quench  the  burning  skies."  On  the  succeeding  night  th 
was  nearly  the  same.  Since  Nov.  28,  the  phenomenon  1: 
tinned  more  or  less  brilliant,  and  with  a  few  complete  al 
it  has  appeared  down  to  the  present. 
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ft 
k  very  remarkable  fact  is  to  be  noted  in  connection  with  the 
»lay  of  Nov.  26  and  27,  and  that  is,  the  sudden  brightening 
r  an  immense  region  extending  over  half  of  Europe, 
r  nearly  the  whole  of  the  Unit^  States  and  British  Co- 
ibia,  though  it  had  not  been  specially  noted  for  about  a 
ith  previous. 

fc  may  be  interesting  to  note  a  few  of  the  more  detailed 
ervations  that  have  been  made. 

f^rst  Jast  before  and  during  the  glow  at  night  and  after 
1  the  morning,  grayish,  horizontally  stratified,  light  clouds  or 
86  have  appeared  above  the  sun  and  have  extended  to  right 
I  left     These  are  invariably  present  with  the  glow,  though 

sky  may  be  otherwise  cloudless.  On  a  careful  examina* 
1,  in  the  evening,  these  strisB  will  be  usually  found  passing 
m  a  point  20  or  30  degrees  to  the  lefl  of  the  sun  to  the  right 
I  left  and  frequently  overhead,  reminding  one  forcibly  of 
ar  bands  which  are  generally  seen  in  eastern  United  States 
lere  all  these  observations  have  been  made)  passing  from 
V^.  to  N.E.*  In  the  morning  in  like  manner  strioB  are  seen 
sing  above  the  sun  and  descending  to  the  NE.  or  N.  and 
L  or  S.  Often  the  directions  of  tliese  striee  are  confused 
1  marked  by  cloud  layers  somewhat  nearer  the  earth, 
^hat  are  these  striae  ?  On  Feb.  1  at  5  p.  M.  with  the  sun 
'  high  the  striae  were  the  plainest  yet  seen,  many  of  them 
sing  overhead  in  continuous  lines  to  the  NE. 
)n  the  right  of  the  sun  they  were  more  distinct  than  on  the 
;,  and  the  radiated  structure  was  very  plain,  emanating  from 

N.E.  point  of  the  horizon.  The  next  mornin*^  the  sky  was 
ar,  it  was  even  possible  to  separate  e  Lyrae  into  its  compo- 
its,  the  striae  were  not  visible  at  the  first  blush  of  morning, 
t  a  careful  examination  finally  revealed  them  though  very 
nt  and  of  limited  extent  On  February  2d  the  appearances 
re  about  the  same  as  the  previous  evening.  In  the  S.  a 
lin  cirrus  cloud  was  seen  at  a  great  bight,  its  well-marked 
eaks  dipped  to  S.E.  and  W.S.W.,  appearing  as  if  at  the  out- 
irts  of  a  great  cloud  system  gradually  advancing  from  S., 
)agh  the  actual  motion  of  the  cloud  was  from  west  to  east 
16  streaks  of  cirrus  while  prominent  did  not  have  a  sharp  out- 
e  and  were  more  or  less  broken  up,  while  the  striae  to  the 
ht  were  sharply  defined  and  unbroken.  At  5.30,  the  sun 
ring  set,  the  cirrus  streaks  overlapped  the  striae  and  appeared 
inly  between  them  and  the  eye.  At  5.35  the  glow  had  be- 
1  in  the  horizon  but  was  at  a  very  low  altitude,  the  striae 
Qg  unchanged,  while  a  slight  blush  just  tinged  the  cirrus 

rhe  tenn  "  polar  bands"  is  unfortunate  as  tlio  strias  arc  parallel  and  the  seem- 
pdaritj  is  due  to  pepspectivo.    The  Germans  use  "  Fallstreiioo,"  and  some 
word  might  well  be  coined  in  English. 


204  77.  A.  Hazen—The  Sun  Glows. 

streaks.     At  5.38  the  former  were  unchanged,  the  latter  hac 
become  a  bright  red.     At  5.43  a  slight  rosy  appearance  waf 
noted  on  the  striw,  the  color  on  the  cirrus  having  slightly  faded. 
At  5.44  the  strire  were  a  clear  rose  color,  while  the  cirrus  was 
only  bright  near  the  sun,  all  color  having  disappeared  from  it 
at  50°  to  the  left     At  5.48  the  upper  striie  near  the  sun  were 
bright  rose  while  nearer  the  horizon  there  was- a  deep  red  color, 
the  cirrus  were  only  seen  as  dark  clouds  against  the  bright  red 
back-ground.     The   glow  was  very   brilliant  and   lasted  until 
6.40.     It  is  plain  that  the  strioe  are  far  above  the  cirrus  clouds 
and   appearances  show  that  they    are   similar   in    formation. 
Whether  these  striae  are  the  cause  of  the  glow  or  not  is  dis- 
cussed later  on. 

Second.  During  the  day  with  a  cloudless  sky  the  sun  has  ap- 
peared as  if  shining  through  a  dense  haze. 

Third,  On  four  occasions,  January  4,  5,  February  2  and  3, 
the  moon  was  seen  shining  through  seeming  water  vapor  at  a 
great  height,  the  appearance  being  similar  to  that  frequently 
noted  at  other  times  than  the  present.  There  was  no  halo  in 
these  cases,  but  a  distinct  ring  uniformly  bright  about  30**  in 
diameter. 

Fourth,  Several  times  when  there  was  a  plain  cloud  canopy, 
though  rather  light,  and  through  openings  in  which  the  bine 
sky  could  be  seen,  the  ordinary  sunset  phenomenon  has  been 
seen,  upon  this  canopy,  with  glowing  colors,  and  one-quartep 
or  one-half  hour  afterward  there  has  been  the  wonderful  afte^ 
glow  lasting  till  the  end  of  twilight. 

FijV\.  Several  times  with  a  clear  sky  no  glow  has  been  seen, 
though  it  was  quite  prominent  two  or  three  evenings  before 
and  after.  This  intermittent  nature  of  the  phenomenon  is  re- 
garded as  one  of  its  most  important  phases. 

Sixth,  The  glow  has  not  been  quite  as  deep  red  in  the  mora- 
iiig  as  at  night.  On  the  morning  of  January  27,  with  a  cloud- 
less sky,  a  grand  sight  presented  itself  in  the  S.E.  and  E.  At 
5.50  a  red  glow  tii*st  ai)])eared,  at  6.10,  an  intense  red  had  ex- 
tended to  a  height  of  30°,  though  a  rosy  flush  was  seen  even  \ 
u])  to  50"',  the  whole  eastern  sky  was  lighted  up.  The  strie  ] 
wore  confused  by  cloud  layers  near  the  observer.  This  first 
a|>po{irance  faded  away,  but  was  followed  at  6.45  by  a  still 
brighter  glow.  It  is  ])rol)able  that  this  second  glow  was  differ* 
ent  from  the  regular  sunrise  appearance  at  7.13.  On  Februan 
8,  at  CIT)  A.  M.,  the  sky  was  very  clear  and  the  glow  had  al- 
ready begun.  At  G.25  the  first  glow  was  at  its  height,  it  then 
diminished  until  6.86,  when  there  was  a  very  deep  scarlet  near 
the  horizon.  At  6.42  the  red  again  developed  rapidly,  and  at 
6.47  the  sight  was  fine,  the  lower  deep  red  tapering  to  a  reseat 
25^  altitude,  and  (continuing  up  to  50°.     At  6.55  only  a  faiut  I 
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\  color  was  left.  Thas  the  morning  appearances  differ  from 
16  in  the  evening,  in  that  they  show  distinctly  this  double 
Domenon.  The  two  are  identical  to  the  observer  and  the 
>Dd  can  be  seen  even  in  a  perfectly  cloudless  day. 
ivenih.  Faint  stars  and  clusters,  notably  Prsesepe,  have  been 
ly  seen  even  near  the  horizon.  On  January  27,  in  the  mor- 
5,  while  the  sky  appeared  covered  by  several  distinct  layers 
Moud  directly  above  the  sun,  yet  it  was  possible  to  easily 
1  Antares  shining  through  the  haze  till  twenty  minutes  before 
rise. 

leekin^  now  a  probable  cause  for  the  glow,  it  is  suggested  that 
east  three  conditions  are  necessary  to  show  the  best  results. 
^irst.  The  sky  must  be  clear  or  nearly  so. 
iamd.  There  must  be  an  abundance  of  reflecting,  diffracting 
ibsorbing  material,  as  is  shown  by  the  well  nigh  world-wide 
learances. 

rhircL  There  must  be  some  force  to  carry  the  material  to  a 
at  height  or  sustain  it  for  a  long  time  against  the  action  of 
vity.  The  lateness  of  the  hour  after  sunset  at  which  the 
5r-glow  disappears  indicates  that  the  material  may  be  at  a 
at  height,  and  the  fact  of  the  later  lon^  continuance  of  the 
inomenon  shows  that  some  force  must  be  acting  to  keep  up 
I  particles. 

The  second  condition  is  abundantly  satisfied  by  the  presence 
watery  vapor,  ice  crystals  or  frozen  water  particles  under  a 
3uliar  form  which  is  assumed  in  a  rare  atmosphere  and  ai  a 
n  temperature.  It  must  be  admitted  that  the  fact  that  watery 
por  is  universally  and  somewhat  uniformly  distributed  over 
e earths  surface,  and  has  always  been  found  in  great  abund- 
ce  at  the  extreme  limits  reached  by  aeronauts,  is  a  most 
portant  one  in. this  discussion.  As  to  the  peculiar  form  of 
)zen  moisture  or  frost  particles  at  high  altitudes,  the  folio w- 
l  experience  of  the  writer  may  be  of  interest : 
On  Dec.  15,  1883,  an  ascent  of  Graylock,  in  Adams,  Masa, 
IS  undertaken.  This  peak  rises  almost  abruptly  2,700  feet 
ove  a  plain  which  is  itself  780  feet  above  sea  level.  The 
mmit  was  reached  at  7.80,  and  here  a  severe  gale,  estimated 
fifty  miles  per  hour,  was  experienced.  The  temperature  was 
1  below  zero  and  the  air  was  completely  saturated  with 
por,  the  wet  bulb,  after  most  careful  manipulations,  reading 
)Ut  half  a  degree  higher  than  the  dry.  While  there  seemed 
be  a  grayish  cloud  overhead,  absolutely  no  ice  spiculie  or 
5t  particles  could  be  seen  or  felt.  The  sensation  was  almost 
eird  one,  apparently  a  dense  shadow  in  broad  daylight,  with 
hing  to  cast  it.  That  there  were  minute,  invisible,  frozen 
sture  particles,  was  plain  from  the  beautiful  appearance  of 
irees  and  shrubs  which  made  it  seem  as  if  one  had  stepped 
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into  an  ocean  of  gigantic  coral  formations.  The  frost  work  was 
from  '50  to  '75  inch  thick  upon  the  branches  and  trunks  of 
the  trees.  The  frost  work  after  a  time  formed  on  the  coat  of 
the  observer  as  if  accumulated  by  degrees.  These  frost  parti- 
cles were  too  minute  to  be  seen  directly,  but  could  easily  be 
recognized  either  by  looking  through  a  great  depth  or  by  the 
effect  of  the  sun's  light  upon  them. 

It  is  not  definitely  known  what  causes  the  ordinary  sunrise 
and  sunset  colorings,  but  it  is  certain  that  they  may  occur  in  all 
their  magnificence  in  clear  skies.  The  opinion  generally  held, 
that  they  are  caused  by  the  absorption  of  the  rays  at  the  blue 
end  of  the  spectrum  by  moisture  or  dust  particles,  will  not  ex- 
plain the  pnsent  glows.  It  has  been  thought,  however,  that 
they  may  be  explflined  if  we  consider  them  due  to  reflection 
from  definite  particles  in  the  air.  One  diflSculty  in  this  is  that 
we  must  assume  that  reflection  and  absorption  would  produce 
an  effect  precisely  similar  to  the  ordinary  phenomenon.  It  may 
be  said  that  the  ordinary  coloring  may  be  caused  by  reflection, 
but  it  is  a  little  singular  that  such  an  explanation  has  not  be- 
fore been  suggested  by  meteorological  authorities. 

Under  the  third  condition  suggested  above,  some  form  of 
electrical  action  may  be  mentioned  as  amply  sufficient  to  fulfill 
the  requirements.  We  have  no  means  of  deciding  the  height 
at  which  frost  particles  are  ordinarily  sustained.  Siemens  has 
suggested  that  some  form  of  vapor  must  be  found  at  and  be- 
yond the  limits  of  our  atmosphere;  however  this  may  be,  there 
must  be  some  cause  for  so  large  an  increase  in  the  amount  of 
frost  particles  in  the  upper  regions  of  the  atmosphere  as  to  pro- 
duce the  present  remarkable  after-glows.  That  electrical  action 
has  been  increased  of  late  is  evidenced  by  the  behavior  of  elec- 
trical instruments  in  India  immediatelv  after,  the  tremendous 
convulsion  at  Krakatoa.  Also  we  note  the  recent  increase  in 
vobanic  and  earthquake  phenomena  over  the  earth,  which  it  is 
well  known  is  usually  accompanied  by  electrical  disturbances. 
The  evidence  from  the  sunspots  also  points  in  the  same  direc- 
tion. The  following  table  of  mean  monthly  sunspot  numbers 
is  taken  from  "  Science "  for  July  20,  1883.  The  observa- 
tions have  been  made  by  Prof.  D.  P.  Todd,  of  Amherst, 
Mass.  I  have  added  the  observations  since  May,  1883,  for 
comparison. 
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Table  of  mean  tun  spot  numbers  1880-83. 


Month. 

1880,  January, 
Febniarj, 
March, 
April, 
May, 
June, 
July, 
AuguRt, 
September, 
October, 
November, 
December, 

1881,  January, 
February, 
March, 
April, 
May, 
June, 
July, 
August, 
September, 
October, 
November, 
December, 

1882,  January, 
February, 
March, 
April, 
May, 
June, 
July, 
Auf^st, 
September, 
October, 
November, 
December, 

1883,  January, 
February, 
March, 
April, 
May, 
June, 
July, 
August, 
September, 
October, 
November, 
December, 


No. 
11-6 
6*4 
21 
91 
11-7 
14*8 
11-8 
230 
33-4 
21-4 
16-6 
10-8 
18*6 
19-9 
31-9 
30-5 
20-4 
34-6 
344 
36-0 
26-7 
21-5 
19-8 
210 
166 
32-1 
25-6 
671 
40-6 
29-3 
270 
160 
271 
27*4 
280 
12-4 
12-2 
19-7 
160 
36-8 
7-4 
34-6 
48-7 
24-0 
311 
41-4 
35-5 
36-3 


Besldoali. 
-12*9 
-18-0 
—22-3 

—  16-3 
-12-7 

—  9-6 

—  13-6 

—  1-4 
90 

—  30 

—  8-8 
-13*6 

—  5-9 

—  4-5 
76 

121 

—  40 
10-1 
lO-O 
11-6 

1-3 

—  2  9 

—  4-6 

—  3  4 

—  7-8 
7-7 
1-2 

32-7 

161 
4-9 
2-1 

—  8-4 
2-7 
30 
3-6 

—  120 
-12-2 

—  4-7 

—  9-4 
11-4 

-170 
10-2 
24*3 

—  -4 
6-7 

17-0 
111 
10-9 


3d  Order  of  Means.       Retldnali. 


6-8 
6-4 
9-8 
126 
14-3 
191 
253 
25-4 
19-4 
14-8 
1&-4 
19-8 
26-3 
30-6 
29-6 
294 
32-8 
33-9 
30-1 
24-6 
21-3 
20-1 
20-6 
241 
30-8 
40-1 
43-4 
36-7 
28-2 
23-2 
230 
25-9 
25-7 
201 
162 
15-4 
190 
22-4 
22-4 
26-3 
35-2 
35-5 
320 
34-6 
37-1 


18-7 
181 
14-7 
120 
10-2 
6-4 
0-8 
0-9 
61 
9-7 
91 
4-7 
1-8 
61 
51 
4-9 
8*3 
9-4 
6-6 
0-1 
3-2 
4-4 
3*9 
0-4 
6-3 
15-6 
18-9 
122 
3-7 
1-3 
1-5 
1-4 
1-2 
4-4 
9-3 
91 
5-5 
2-1 
21 

rs 

10  7 
110 
.7-5 
10-1 
12-6 


This  table  shows  aa  increase  of  spottedness  in  April,  1882, 
=when  probably  the  maxinnum  of  the  present  11  years  cycle 
-o<5Curred  and  after  that  a  marked  fall  followed  since  July,  1888, 
by  almost  a  steady  rise.  This  fluctuation  is  still  more  plainly 
indicated  by  the  residuals  in  the  third  order  of  means.  If,  as  ii 
generally  supposed,  an  increase  of  solar  spots  indicates  aa 
increase  of  magnetical  and  electrical  influences,  we  may  con- 
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dude  that  the  latter  have  increased  within  a  few  months,  not 
manifested  however  in  their  usual  manner. 

Lastly,  the  arrangement  of  the  "stri»^  in  the  so-called 
"polar  bands,''  attributed  by  Professor  Loomis  to  electrical 
action,  also  supports  the  view  here  presented. 

The  three  conditions,  above,  enable  us  to  explain  all  the  facts 
thus  far  developed.     First:  They  must  all  be  existent  for  the 
best  display.     If  either  of  the  latter  two  gradually  or  suddenly 
increase  or  diminish,  it  would  account   for  the   intermittent 
action.     Second:  Granting  the  presence  of  " frost  particles "  in 
abundance,  the  appearances  can  be  easily  accountea  for,  as  they 
are  similar  to  those  we  recognize  when  water  or  frost  particles 
are   the    cause,    whether   produced     by   diflFraction    or  other- 
wise.     Third:  The  transparent  nature  of  the  frost  particles 
enables   us   to   see   faint  stars,  which  certainly  an    opaque  or 
semi-opaque  envelope  would  not  do.      Fourth :  The  detailed 
descriptions   of  glows   January  27th,   February    2d   and  3d, 
show  that  the  striae  or  grayish,  cloud-like,  stratified  forms  are 
the  true  cause  of  the  glows,  for  if  there  were  other  clouds  there 
would  have  been  on  the  evening  of  February  3d  thr^e  distinct 
appearances:  Firsi^  on  the  high  cirrus;  Second,  on  these  clouds; 
and    Thirds  on  the  material   causing   the   after-glow,   whereas 
there  were  only  two  distinct  appearances.     The  lact  that  these 
are  hardly  visible  in  the  morning  is  remarkable  and  seems  to 
show  a  change  brought  about  possibly  by  the  eflFect  of  the  sun's 
rays  impinging,  through  the  day  hours,  upon  the  frost  particles. 
Fifth:  If  a  progression  in  many  instances  be  insisted  on,  and 
some  of  the  observations  plainly  indicate  this,  it  is  easy  to  sefr 
that  the  meteorological  conditions  might  bring  this  about  in  a 
movement  of  the  frost  particles. 

It  has  been  objected  that,  *'The  persistence  of  the  phenom- 
enon and  its  great  extent  sliow  that  it  is  not  due  to  aqueous 
vaj)or.*'    It  has  been  shown,  I  think,  that  these  very  facts  are  in 
favor  of  this  theory.      A  writer  in  Europe,  after  noting  two 
specially  marked  occurrences,    and  finding  that   one  of  them 
immediately   followed    a    "high"   while  the   other  a   "low." 
decided  that  watery  vapor  had  nothing  to  do  with  the  glow.  It 
is  evident  that  in  order  to  come  to  such  a  conclusion,  it  must  be 
shown  that  vapor  can  be  ])resent  only  in  connection  with  either 
a  "  high  "  or  a  **  low,"  and  does  not  act  with  both  or  independ- 
ently of  either.     As  a  nuitter  of  fact  most  of  the  more  brilliant 
after-glows  have  been  seen  in  front  of  a  high  area,  but  this,  it  is- 
reasonable  to  suppose,  is  not  due  to  an  intimate  connectioa 
between  the  two  or  the  necessity  of  the  presence  of  the  "  high  "  * 
to  show  the  glow,  but  .simply  to  the  clearing  of  the  air  in  front, 
of  the  "high,"  which  gives  a  more  favorable  opportunity  fo^ 
observation.     It   is   objected   that  there  is  a  distinct  interval 
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between  the  ordinary  sunset  glov^  upon  clouds  or  vapor  com- 
paratively near  the  earth  and  the  later  after-glow,  whereas  we 
Bhoald  expect  a  continuous  phenomenon  if  the  vapor  were 
uniformly  distributed  in  depth.  There  is  no  evidence  to  show 
that  the  vapor  is  uniformly  distributed;  in  fact  Pro  lessor  Vettin, 
of  Berlin,  has  shown  that  the  clouds  have  a  tendency  to  arrange 
themselves  in  well  defined  layers  at  nearly  constant  heights. 
"Nature"  for  December  20th,  1883,  gives  t)ie  following  table 
from  his  researches : — 

Clond.  Height  In  feet. 

Lower 1600 

Cumulus... 3800 

Cloudlets 7200 

Under  Cirrus 12800 

Upper  Cirrus 23000 

The  suggestion  is  also  made  that  this  indicates  a  geometrical 
progression  in  the  heights,  with  a  ratio  of  two.  If  such  a  ratio- 
exists  we  can  see  that  there  might  be  a  long  interval  between 
the  highest  and  lower  strata. 

The  most  serious  objection  yet  advanced  however  has  been, 
tbat  the  rain-hand  spectroscope  shows  an  entire  absence  of 
watery  vapor.  This  objection  is  answered  by  the  results  of  an 
investigation  made  by  F.  W.  Cory  of  England,  and  recently 
presented  to  the  London  Meteorological  Society.  He  found 
tbat  a  rainband  as  high  as  70  per  cent  was  followed  by  a  light 
rain  and  one  as  low  as  10  per  cent  was  succeeded  by  a  heavy 
8D0W,  also  that  the  spectrum  is  not  affected  previous  to  a  snow 
fell  except  negatively,  i.  e.  the  rain-band  diminished  several 
days  before  a  snow.  He  suggests  that  when  vapor  is  transformed 
into  snow  crystals  it  does  not  cause  a  rain-band  and  that  there 
is  no  doubt  that  when  rain  falls,  after  a  low  percentage 
of  rain-band,  it  is  due  to  either  melted  snow  or  hail.  The 
report  comes  from  Magdeburg  that  in  the  spectrum  of  the 
glow,  uncommonly  strong  rain-bands  were  seen.  This  ap- 
pearance was  possibly  due  to  a  high  temperature,  prevail- 
ing at  the  time,  which  would  fill  the  lower  air  stratum  with 
water  and  not  frost  particles,  and  hence  the  spectrum,  afiected 
by  this  stratum,  could  reveal  nothing  as  to  the  nature  of 
the  substance  far  beyond.  The  results  of  observations  with 
the  rain-band  spectroscope  are  now  called  in  question  by 
many  prominent  meteorologists.  In  fact  the  unsatisfactory 
nature  of  the  evidence  may  be  easily  shown  to  the  satis- 
faction of  any  one  possessing  an  instrument.  If  the  spec- 
troscope is  first  turned  to  the  sky  in  any  direction  and  after- 
ward to  a  white  wall  fifty  feet  distant,  it  will  be  found  impos- 
sible to  distinguish  between  the  appearance  of  the  rain-band 
as  shown  by  the  whole  atmosphere  and  by  the  layer  fifty  feet 
thick,  and  yet  we  find  it  insisted  upon  that  the  instrument 
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must  be  turned  to  different  points  in  the  sky.  However  this 
may  be  it  would  seem  that  the  presence  of  an  abundance  of 
frost  particles  would  not  affect  the  spectrum  as  would  the  same 
amount  of  aqueous  vapor  above  a  temperature  of  82^ 

A  most  singular  hypothesis  has  been  advanced  to  account 
for  the  material  in  the  sky,  namely,  that  the  volcanic  action  at 
Krakatoa  on  Aug.  26th  and  27th  ejected,  into  the  atmosphere, 
immense  masses  of  ashes  which  have  been  distributed  by  air  cur- 
rents over  the  earth's  surface.  Vivid  accounts  of  the  terrific 
nature  of  this  convulsion,  whereby  a  mountain  island  2000  feet 
in  height  was  perceptibly  lowered,  have  been  published  by  eye 
witnesses.  The  position  of  the  volcano  was  in  lat.  6**  12'  S., 
long.  105°  28'  E.  By  (jomj)aring  this  position  with  the  dates 
and  positions  of  the  first  appearance  of  the  after-glows  as  al- 
ready given,  it  would  seem  as  though  there  had  been  a  natural 
progression,  but  it  has  been  shown  that  an  instantaneous  ap- 

J)earance  will  account  for  the  phenomena  as  easily.     The  fol- 
owing  are  advanced  as  a  few  of  the  objections  to  this  theory. 

1st.  There  must  have  been  sufficient  material  ejected  to  cover 
more  than  135,000,000  square  miles  (the  earth's  surface  46* 
both  sides  of  the  equator).  The  attempt  to  add  to  this  quan- 
tity by  instancing  isolated  and  slightly  active  volcanoes  thoa- 
sands  of  miles  away  can  be  regarded  only  as  an  endeavor  to 
support  a  weak  cause. 

2d.  There  must  have  been  currents  of  nearly  equal  forc^ 
acting  ill  opposite  directions  at  the  same  height  in  the  atmo- 
sphere,  an  impossible  condition.  Meteorology  has  established 
that  if  anytliing  there  is  a  steady  current  in  the  upper  regions 
from  west  to  east. 

3ci.  The  upper  currents  must  have  had  sufficient  velocity  to 
carry  the  ashes  a  distance  of  12,000  miles  in  150  hours  or  at  a 
rate  of  80  miles  per  hour  toward  the  west.  We  know  little  of 
velocities  of  air-currents  at  great  heights,  but  they  are  probably 
slight.  The  summer  velocity  on  Mt.  Washington,  6299  feet 
above  sea,  is  less  than  30  miles  per  hour,  while  on  Pike's 
Peak,  14,134  feet  in  height,  it  is  only  20  miles  per  hour.  The 
conditions  certainly  are  very  diverse  at  the  two  stations  and  it 
is  possible  that  the  Mt  Washington  velocities  are  15  percent 
too  high,  but,  allowing  for  these,  there  seems  to  be  a  possi- 
bility of  a  gradual  diminution  in  wind  velocity  at  increasing 
heights  above  the  earth's  surface. 

4th.  That  the  ashes  must  have  been  mechanically  distrib- 
uted first  along  a  belt  near  the  equator,  and  afterward,  without, 
addition  except  {)ossib]y  of  a  meager  character,  the  currents 
must  have  been  sufficiently  uniform  over  the  whole  eartb 
to  have  borne  them  north  and  south  to  above  latitude  46^^^^ 
This  is  well  nigh  incredible.     It  seems  probable  that  in  a  fe 


H.  A.  Eazenr—The  Sun  Gl(m%.  211 

mdial  lines  from  Krakatoa,  ashes  could  have  been  carried  1500 
or  2,000  miles,  and  some  sporadic  cases  even  greater  distances. 
Professor  Loomis   in   his  Meteorology  gives  an   instance    in 
which  volcanic  ashes  were  carried  1200  miles  in  a  single  direc- 
tion, nearly  parallel  to  the  equator,  but  it  is  more  than  likely 
that  these  were  carried  in  comparatively  narrow  streams,  and 
that  almost  the  entire  mass  of  matter  ejected  from  a  volcano 
returns   to  the  earth  within  a  few  hundred   miles.     A  good 
illustration  of  the  nature  of  a  stream  of  volcanic  ashes  is  given 
by  Mr.  Whyraper,  in  a  recent  number  of  **  Nature.*'     He  gives 
a  description  of  a  cloud  of  ashes  poured  forth  from  the  crater 
of  a  volcano,  carried  in  a  stream  in  one  direction  and  after- 
ward in  another  at  right  angles,  but  that  there  was  no  uniform 
distribution  is  plainly  shown  by  the  narrative. 

FifQu  That  the  intermittent  nature  of  the  phenomenon  pre- 
cludes the  idea  of  a  dust  envelope. 
^ixOi,  That  ashes  are  opaque  while  the  appearances  indicate 
I      great  transf>arency. 

\  The  finding  of  a  substance  on  the  windows  of  a  house  in 
Holland,  after  a  great  wind  and  rain  storm,  which  presented  a 
similarity  to  volcanic  ashes,  is  well  known.  This  evidence  must 
be  accepted  with  caution,  however,  and  it  should  be  shown  that 
it  oould  not  have  come  from  the  neighborhood,  and  besides  it 
shoald  all  the  more  be  found  in  other  places.  Similar  substances 
have  fallen  at  a  locality  in  Spain,  but  the  examiner  of  them 
cjindidly  admits  that  they  may  have  come  from  the  region  about. 
The  theory  that  the  dust  has  come  from  space  removes 
many  of  the  objections  before  mentioned,  and  seems  more  sat- 
isfactory. The  well  nigh  instantaneous  appearance,  the  last  of 
August  and  November,  gives  color  to  this  hypothesis.  The 
other  appearances  in  September  and  October,  at  widely  separa- 
ted dates,  seem  fatal  to  it  however,  and  besides  it  is  difficult  to 
consider  that  there  were  two  clouds  of  dust  into  which  the 
earth  entered. 

It  is  a  matter  of  satisfaction  that  the  phenomenon  has 
attracted  so  much  attention,  and  called  out  so  many  care- 
ful observations.  These  observations  should  be  recorded, 
and  especially  any  unusual  development  should  be  noted.     A 

(study  of  the  cloud  conditions  as  a  whole,  over  the  earth,  will 
give  an  additional  means  of  carrying  on  the  discussion.     The 
\      absence  of  auroral  phenomena  and  magnetic  disturbances  at  a 
\      time  of  sunspot  activity  is  remarkable.     The  apparent  surpris- 
ing absence  of  all  unusual  appearances  on  Mount  Washington 
and  Pike's  Peak  demands  an  explanation.     On  the  former  peak 
a  glow  was  noted  December  2d. 

While  all  explanations  of  the  glows  are  more  or  less  matters 
o^  conjecture,  yet  the  field  of  conjecture  is  believed  to  be  nar* 
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rowing,  and  we  may  hope  ultimately  to  reach  a  satisfactory- 
conclusion. 

February  3,  1883. 

Note — February  6th. — "  Nature"  for  January  17,  1884,  contains 
striking  corroboration  of  some  of  these  views.     From  Honolulu 
conies  a  note,  that  during  November  the  glow  somewhat  dimin- 
ished, but  since  November  25,  they  have  again  increased  in  marked 
degree.     A  note  from  near  Warsaw,  Russia,  gives  November  30 
as  the  date  of  an  unusual  brightening.     Another  observer  in  Frei- 
burg, Baden,  reports  brilliant  red  glow,  on  the  morning  of  January 
lOtb.     The  morning  of  January  11th,  with  a  clear  sky,  the  dis- 
play was  confidently  expected,  but  very  surprisingly  it  did  not 
appear  at  all,  the  sun  rising  after  a  twilight  of  pale  yellow."    In 
the  evening  clouds  arose  in  the  west,  at  first  showing  the  red  mar- 
ginal coloring  of  ordiniiry  sunsets,  but  later  on  there  came  again, 
distinctly  higher  than  even  the  cirri,  a  very  brilliant  and  lasting 
red  luminosity. 


Art.    XXVI. — Topaz    and   a^sociat**d    Minerals   at    Stoneham, 

Me, ;  by  George  F.  Kunz. 

[Read  before  the  Americau  Association  for  the  Advanoement  of  Sdenoe,  at 

Miimeapolis,  August,  1883.] 

The  topaz  locality  of  Stoneham  is  situated  on  HarndonHill, 
within  one  quarter  of  a  mile  of  the  Stow  line,  one  and  a  half 
milos  from  Deer  Hill,  and  two  miles  from  the  New  Hampshire 
State  line  and  the  village  of  North  Chatham.  My  attention 
was  first  drawn  to  Stoneham,  Me.,  by  an  exhibition  of  minerals 
at  the  sale  of  the  Mt.  Mica  Mining  Company,  September,  1882, 
where  Mr.  N.  H.  Perry  had  some  minerals  on  exhibition,  and 
for  sale.  Among  these  I  observed  a  crystal  that  I  recognized  t 
at  once  as  topaz.  Mr.  Perry,  on  being  informed  what  it  was, 
instituted  further  search,  resulting  in  the  finding  of  the  finest 
crystals,  and  about  sixty  kilograms  of  fragments  of  topaz,  with 
other  interesting  minerals.  A  personal  visit  to  the  locality  and 
some  work  there  brought  the  rest  to  light.  To  Mr.  Perry 
much  credit  is  due  for  his  keen  perception  in  finding  and  bis 
care  in  preserving  the  mineral  specimens. 

Tlie  minerals  to  be  described  in  this  paper  were  all  fouuil 
witliin  a  radius  of  fifty  square  feet  in  a  coarse  granite  on  the 
summit  of  Harndon  Hill,  which  is  100  feet  wide  b}^  about  250 
feet  long.    For  a  brief  mention  of  the  locality,  reference  may  1>^ 
made  to  the  Proceedings  of  the  New  York  Academy  of  Science£=-* 
November  and  December,  1882,  and  this  Journal,  Februarj — 
1883. 
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Topaz. — This  locality  is  the  first  in  New  England  that  has 
-nished  good,  clear  and  distinct  crystals  of  topaz,  and  thus 
'  it  has  produced  the  best  crystals  found  in  the  United 
ites.  Of  these  crystals,  nearly  all  the  finest  were  found  in 
e  pocket  in  cleavelaiulite  (lamellar  albite)  at  its  junction 
th  a  vein  of  margarodite,  and  one  was  entirely  surrounded 
cleavelandite.  The  finest  crystals  vary  in  size  from  10°^ 
the  largest  which  measures  transversely  60°^  by  65"°*  and 
rtically  56*"".  They  are  transparent  in  parts,  and  contain 
cities  of  fluids,  the  nature  of  which  has  not  yet  been  deter- 
ned.  A  few  small  perfect  gems  (see  Mining  Statistics,  1883, 
486)  have  been  cut  from  the  fragments  of  a  large  crystal 
At  was  broken. 

The  finest  crystals  are  colorless  or  faintly  tinted  with  green 
blua  Some  opaque  crystals  are  as  much  as  300""  across 
e  largest  part,  and  weigh  from  10  to  20  kilograms  each ; 
ey  are  not  perfect  in  form,  the  faces  are  rough,  and  gene- 
lly  they  were  broken  before  they  were  taken  from  the  rock. 
\ie  color  in  these  rough  crystals  is  more  decided  than  in  the 
ler  ones  and  is  a  light  shade  of  either  green,  yellow  or  blue. 
be  specific  gravity  of  the  transparent  material  is  3'54,  and  the 
irdness  the  same  as  that  of  the  yellow  topaz  from  Oura  Preto 
Dfmerly  Villa  Rica),  Brazil. 
The  following  forms  have  been  observed : 

<^  ^^^  \^  \m^ 

0,  M ;  prisms  /,  i-|,  *-2,  i-3,  t-4 ;  macTodomes  f-Z,  2-i ;  brachvdomes  2-1,  4-1  ; 
•nunids  i,  i,  I,  1,  2  ;  ^-2,  2-2. 

Many  of  the  crystals  exhibit  a  pearly  and  at  times  an  opa- 
scent  luster  when  viewed  in  the  direction  of  the  plane  0, 
)art  from  the  iridescence  produced  by  fracture  and  cleavage. 
A  specimen  of  this  topaz  was  sent  to  Professor  J.  W.  Mallet 
>r  examination.  In  a  letter  to  the  writer,  dated  July  27, 
}83,  he  says : 

"Mr.  C.  M.  Bradbury,  of  Petersburg,  Va.,  has  made  what  he 
mself  believes  to  be  a  good  and  accurate  analysis,  and  has  ob- 
•ined  the  following  remarkable  results : 

Aluniiniim 27*14 

Silicon 14-64 

Fluorine 29*21 

Oxygen 2856 

99-65 

►unting  the  oxygen  as  the  sum  of  that  equivalent  to  the  alumi- 
ira  and  silicon  less  one  atom  of  oxygen  for  two  of  fluorine 
imd.  These  figures  lead  to  the  usual  formula  for  topaz, 
jSiOj,  with  oxygen  partly  replaced  by  fluorine,  but  presents  the 
narkable   anomaly  that,  instead   of   one-half  of  the   oxygen 
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equivalent  to  silicon  being  thus  replaced,  we  have  three-fburthe  re* 

placed 

I  send  you  the  results  for  what  they  are  worth.  This  may  be 
a  new  and  interesting  variety  of  topaz  as  regards  chemical  com- 
position, but  such  a  conclusion  needs  to  be  confirmed.  The 
specific  gravity  of  the  mineral  was  found  =3*64.  .  .  .'* 

Triplite* — Thifl  mineral  occurs  scattered  through   the  rock 
in  masses  that  weigh  from  one  gram  to  one  kilogram,  staining 
the  topaz,  quartz,  cicavelandite  and  associated  minerals.     One 
mass  that  may  have  been  a  large  rough  crystal,  that  was  brokeo 
to  pieces  in  the  blasting,  furnished  over  50  kilograms  of  the 
mineral  of  a  very  pure  character,  in  color  a  light  chocolate- 
brown  and  clove-brown,  and  usually  with  a  black  coating  of 
oxide  of  manganese.     The  interior  is  streaked  with  a  lighter 
colored  variety  of  this  same  mineral  that  is  translucent,  but  at 
times  transparent  in  very  small  fragments.     The  quartz  at  it» 
junction  witli   it  is  often  stained  black  as  if  the  mineral  had 
partly  decomposed. 

Triphylite. — Only  one  very  imperfect  crystal  of  this  mineral 
was  found. 

Montmorillonite, — Occurs  in  masses  that  vary  in  color  from  a 
very  delicate  pink  to  a  dark  pink  closely  approximating  red, 
tilling  the  cavities  and  interstices  in  the  cleavelandite.  When 
the  latter  is  broken,  it  falls  out,  and  it  so  far  retains  the  impres- 
sions of  the  sj)aee8  it  has  occuj)ied  as  to  lead  one  to  infer  that 
it  has  a  crystalline  form.  It  also  occurs  in  botryoidal  masses 
resembling  rhodocrosite  on  crystals  of  cleavelandite.  This 
mineral  is  evidently  identical  with  that  described  by  Professors 
Brush  and  Dana  from  the  Branch ville,  Conn.,  locality .f 

Ciflvmhite  is  scattered  all  through  the  cleavelandite,  either 
on  crystals  of  the  latter  in  cavities,  or  else  between  the  plates 
of"  this  mineral.  IMiesc  crystals  vary  in  length  from  1  to  10°", 
and  are  not  very  perfect.  In  one  curious  occurrence  a  number 
of  {icicular  crystals  of  this  mineral  are  so  bunched  together  as 
to  hiive  a  fibrous  appearance,  yet  each  crystal  is  distinct.  One 
pocket  atl'orded  20  kilograms  of  pure  material,  and  one  mass, 
or  rather  a  part  of  a  large  crystal  weighing  8*5  kilograms, 
appear  to  have  been  originally  one  crystal  or  one  group  of 
crystals.  [One  very  line  brilliant  columbite  crystal  &^  Jong 
was  found  associated  with  the  herderite.] 

Autunite  was  observed  in  minute  scales  on  the  cleavelandite— 

Jieryl  occurs  in   large  crystals  all  through  the  rock,  and 
times  in  contact  with  the  larger  topaz  which  it  strikingly 

*  Resembling  zwioiiolito  of  Fuchs,     .See  Danu's  System  of  Mineralogy,  6th 
p.  544. 

t  This  Journal,  III,  xx,  283,  1880. 
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aembles.  One  vein  in  qaartz  with  crystals  nearly  a  meter  long 
and  one-third  of  a  meter  across,  was  traced  for  nearly  forty 
feet,  without,  however,  finding  any  fine  crystals. 

Zircon  occurs  in  crystals  from  1  to  15"™  in  length  scattered 
through  the  cleavelandite:  The  faces  are  all  dull  and  the  crys- 
tals  are  occasionally  altered  to  malacon ;  those  observed  were 
/,  i-t  and  1. 

Oamet  occurs  sparingly  in  poor  crystals  and  is  evidently  a 
manganesian  variety  of  the  species ;  \X  resembles  triplite  in 
color. 

CUavelandile  occurs  by  the  ton  in  fine  large  masses  of  plates, 
in  color  snowy-white,  or  fading  to  this  color  from  a  dark  brown 
after  a  short  exposure  to  the  sun.  Beautiful  crystals  line  the 
cavities  or  pockets,  in  which,  as  elsewhere,  so  many  interesting 
minerals  are  found.  The  dark  brown  color  is  evidently  a 
staining  produced  by  the  alteration  of  the  triplite. 

Quartz  occurs  in  abundance,  usually  of  a  milky  color. 
Masses  weighing  over  75  kilograms  can  be  easily  broken  by 
dropping  them,  causing  them  to  break  asunder  as  if  assisted  by 
gome  internal  force,  at  which  they  show  an  apparent  cleav'age. 
The  bursting  of  the  fluid  cavities  with  which  they  are  filled  mav 
assist  the  breaking.  Some  few  irregular  crystals  and  some  small 
perfect  ones  were  observed  in  the  cavities.  One  smoky  quartz 
crystal,  or  rather  group  of  crystals,  measured  80°^  by  75°*™. 

Apatite^  in  small  doubly  terminated  crystals,  occurs  in  the 
cavities,  often  white  in  the  center  and  blue  or  green  at  each 
end  of  the  pyramid.  In  one  fine  group  the  crystals  were  white 
at  the  center  and  at  the  terminations  almost  sapphire-colored. 
The  plane  0  is  largely  developed,  also  /,  i-2  and  1.  A  massive 
variety  also  occurs,  compact,  vitreous  green,  the  masses  weigh- 
ing 1  kilogram. 

Fluorite  tills  small  cavities  in  the  cleavelandite ;  these  masses 
were  rarely  over  10°^  across,  and  the  color  was  a  very  deep 
purple.  A  number  of  very  minute  octahedrons,  resembling 
blue  topaz,  were  found. 

Bioiiie  in  slender  crystals  occurs  in  the  muscovite  cr3^sta]s. 
V'ery  thin  cleavages  are  dark  brown  by  transmitted  light. 
One  crystal  was  found  enclosed  in  muscovite. 

Margarodite  occurs  here  in  abundance,  of  a  light  yellowish 
oil-green  color.     The  form  of  this  mineral  is  nearly  radiated. 

Suscoviie  occurs  in  large  masses  and  hexagonal  crystals  that 
arc  from  2  to  6  inches  across,  also  transparent  through  the 
prnsm,  and  in  masses  with  a  fibrous  cleavage,  in  color  brown, 
yellow  and  light  green. 

Damourite. — A  curved  mica  occurs  in  large  shells  4  inches 
aoToss,  saucer-like  in  shape. 
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In  addition  to  the  topaz  and  other  minerals  from  Stoneham, 
Maine,  the  finding  of  two  beryls,  of  exceptional  beaaty  for  this 
country,  may  be  mentioned ;  they  were  found  several  miles 
af>art  and  some  distance  from  the  topaz  locality.  They  were 
discovered  by  chance,  within  the  last  two  years,  by  farmers,  in 
pastures  in  this  township.  The  first  is  only  one-half  of  the 
original  crystal  and  has  been  roughly  used  by  some  one  who 

Eossibly  discarded  it  as  worthless  after  breaking  it,  or  may 
ave  broken  it  in  taking  it  from  the  rock.  It  is  120°*™  long 
and  54°"  wide,  and  was  evidently  at  least  190°^  long  and  75"" 
wide.  The  color  is  a  rich  sea-green  as  viewed  in  the  direc- 
tion of  the  longer  axis,  and  sea-blue  of  a  very  deep  tint  through 
the  side  of  the  crystal.  The  color  and  material  in  the  crystal 
are  the  finest  that  have  been  found  at  any  American  locality, 
and  if  not  broken,  would  be  equal  to  the  finest  foreign  speci- 
mens known.  If  cut,  it  will  still  furnish  the  finest  colored 
large  gem  of  tliis  mineral  found  in  the  United  States,  (see  Uni- 
ted States  Geological  Mining  Statistics,  p.  487,  1883),  weighing 
at  least  20  carats,  and  a  number  of  small  ones  weighing  from 
one  to  six  carats. 

The   other  crystal   referred  to  is  doubly  terminated,  being 
41"°*  long  and  15"°*  in  diameter.     Over  one  half  of  it  is  trans- 
parent with  a  faint  green  color;  the  remainder  is  milky  green 
and  only  translucent.     At  the  junction  of  the  two  colors  in  the 
crystal  there  is  the  appearance  of  a  flocculent  precipitate,  look- 
ing as  if  it  had  almost  completely  settled,  leaving  the  upper  half 
perfectly  clear.     The  observed  planes  are :  0  largely  developed, 
/,  i-2,  1,  2-2,  3-|.     The  finding  of  these  two  crystals  in  such  a 
manner  can  but  lead  one  to  think  that  rich  material  must  be     ^ 
stored  in  the  vicinity  and  would  warrant  further  search.  j 

[Since  the  al)ove  paper  was  read  the  locality  has  been  worked     i 
to  some  extent,  and  a  number  of  very  fine  crystals  have  been     j 
found  by  several  parties;  among  these  are  several  transparent     i 
pieces,  yiel(lin<r  nearly  as  fine  gems  as  the  ones  described,  and      ; 
also  some  remarkable  translucent  crystals;  one  of  these  meas-     ' 
ures  910°""  long  and  110™"'  in  diameter  and  is  of  a  very  fair 
color.     One  fragment  weighing  600  grams  (now  in  the  posses- 
sion of  Mr.  Perry)  that  had  originally  been  entirely  transparent 
but  was  cracked  by   weathering,  still   has  a  very  large  clear 
s|)aee,  and  anparently  is  a  part  of  the  crystal  described  befora 
There  have  been  found  also  some  very  curious  penetrating  and 
enclosed  beryls.     In  one  case,  a  crystal  about  three  inches  long 
and  one  and  one-half  inches  wide,  was  penetrated  by  another 
crj^stal,  which,  as  broken  out,  fits  perfectly  in  the  socket.    One 
crystal  six  inches  long  had  another  running  through  the  side, 
and  still  another  entirely  enveloped  a  smaller  one.] 
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Art.  XXVII. — A  Contribution  to  the  Oeology  of  Rhode  Island; 
by  T.  Nelson  Dale.    With  a  Map — Plate  V. 

In  a  former  paper  on  the  Geology  of  Rhode  Island*  the 
writer  gave  a  geological  map  of  the  southeast  corner  of  the 
Island  of  Aquidneck  and  of  the  east  shore  of  the  eastern  passage 
of  Narra^anset  Bay  from  Fogland  Point  south  to  Seaconnet 
Point  and  West  Island,  also  detailed  sections  of  Easton's  Point, 
the  vicinity  of  Taggart's  Ferry,  Sachuest  Neck,  and  **  Para- 
dise,"* together  with  a  general  section  embracing  the  main  feat- 
ures of  a  belt  about  two  miles  wide  extending  from  the  proto- 
gine  bed  of  West  Island  to  the  carbonaceous  schists  of  "  The 
Cliflfe''  at  Newport     The  structure  of  Easton's  Point  was  shown 
to  be  that  of  a  simple  anticlinal,  consisting  below  of  argilla- 
ceous schists,  containing  here  and  there  iron  pyrites  and  earthy 
chlorite,  overlaid  by  a  coarse  conglomerate  of  pebbles  of  finely 
stratified,  slightly  micaceous  quartzyte  with  traces  of  Lingular, 
possibly  of  Silurian  age.     It  is  uncertain  whether  the  bed  of 
conglomerate  at  present  covers  the  schist  entirely  on  the  line  of 
the  section;  toward  the  end  of  the  point  it  has  certainly  been 
entirely  eroded.     At  Taggart's  Ferry  a  sharp  anticlinal  of  this 
conglomerate  is  flanked  on  both  sides  by  carbonaceous  schists. 
At  Sachuest  Neck  a  siliceous  argillyte,  passing  into  an  impure 
serpentine,  and  underlaid  by  a  slaty  conglomerate  with  an  occa- 
sional pebble  of  red  jasper,  is  conformably  overlaid  by  a  liighly 
metarnorphic,  very  coarse,  blackish,  quartzose  sandstone  (quartz 
and  clay  aggregate)  containing  in  its  upper  part  a  few  layers  of 
black  slate  minutely  veined  with  quartz  and  talc,  and  contain- 
ing coal  plants,  one  of  which,  Annularia  longifolia  Brgt.,  Les- 
quereux  describes  as  very  common  in  Pennsylvania,   ''espe- 
cially in    the    lower  strata  above  the  Millstone   Grit."      At 
"  Paradise''  seven  ridges,  from  40  to  173  feet  high,  trend  N.N.E. 
The  two  western  ones,  of  quartzyte  conglomerate,  constitute  a 
J      synclinal  ;  the  two  eastern  ones,  of  tlie  same  rock,  form  a  rup- 
-      lured  anticlinal.     Five  beds  of  hornblende  and  chlorite  schist, 
alternating  with  as  many  of  mica  schist,  constitute  the  three  in- 
tervening ridges,  forming  a  monoclinal  with  a  west- north  west 
dip.    This  series  was  probably  thrown  up  in  a  fault,  as  sug- 
gested by  Professor  Shaler,  although  he  supposes  more  faults 
to  exist  here  than  are   necessary.     The  fact  that  these  horn- 
^    "blende  and  mica  schists  measure  as  much  as  950  feet  in  thick- 
I     ness  and  that  they  are   not  covered  with  the  adjoining  con- 
*     glomerate  lends  some  support  to  the  theory  that  we  have  here 
to  do  with  what  was  an   island  during  the  deposition  of  the 

•Proceedings  Boston  Society  of  Natural  History,  vol.  xxii,  p.  179,  Jan.  3,  1883, 
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conglomerates,  and   that  subsequent  flexure  of  both  the  horn- 
blende and  the  abutting  conglomerates  brought  them  into  their 
j)rcacnt  relations.    In  the  general  section  referred  to,  a  synclinal 
and  an  anticlinal  axis  were  supposed  to  exist  in  the  chloritic 
argillytes  between  the  line  of  West  Island  and  Sachuest  Neck, 
on  account  of  the  southeasterly  dip  of  the  nearest  outcrops  of 
these  rocks  farther  north  at  Brown's  and  Church's  Points  on 
the  Little  Compton  shore,  also  because  of  the  W.N.W.  dip  of 
the  beds  at  Sachuest  Neck.     Another  synclinal  was  supposed  to 
occur  just  east  of  Taggarts   Kerry,   and  another  west  of  it 
Then  come  the   ruptured  anticlinal,  the  faulted    hornblende, 
chlorite  and  mica  schists,  and  the  elevated  synclinal  of  "Para- 
dise;'' still  farther  west  is  the  anticlinal  of  Easton's  Point  fol- 
lowed  by  a   gentle  undulation,   now   eroded,  along   Eastoni 
Beach.  • 

The  beds  were  arranged  in  the  following  chronological  order: 
•01.  Granite  and  protogine ;  1.  Hornblende,  chlorite  and  mica 
schist  series,  950  icct ;    2.  Chloritic  argillytes  and  micaceoui 
argillytes,  both  with  minute  passages  of  calcite,  500-760  feet; 

3.  Slaty  conglomerate  with  red  jasper  (Conglomerate  I)  and 
associated  siliceous  argillytes  and  impure  serpentine,  500  feet; 

4.  Quartz  and  clay  aggregate,  750  feet;  5.  Argillaceous  schistB 
of  Easton's  Point,  000  feet;  6.  Quartzyte  conglomerate  with i 
few  layers  of  argillytc  (Conglomer.ite  II),  750  feet;  7  and  8t 
Carbonaceous  schists  with  some  conglomerate,  associated  with 
argillaceous  sciiists,  1000  feet.  (These  last  are  followed  by  or 
form  part  of  the  (]Joal- measures  proper).  Total,  4950-5450 
feet.  The  strata,  especially  those  of  Conglonierate  II,  were 
found  to  be  lissunul  more  or  less  vertically  and  at  right  angles 

to  the  axes  of  the  folds,  indicating  |)os8ibly  another  system  of  J 
U|)lifts  with  axes  running  W.N.W.-E.S.E.,  but  less  powerful  in 
their  elleets  as  would  be  the  ease  if  the  strata  had  been  previ- 
ously eorrugatecl  in  the  opposite  direction  or  had  already  be- 
come rigi<l  by  metamorphism.  The  cleavage  of  the  pebbles  of 
the  (-(Miglonierate,  so  often  noticed,  is  j)roi>ably  due,  first,  to  the 
pnssiii'i'  whirh  made  the  adhesion  of  the  cement  equal  to  the 
cohesion  of  the  pel)l)les,  and,  screond,  to  the  either  pressure 
which  iissnrod,  beeiiuse  it  could  not  flexe,  the  beds.  Professor 
Wolrott  (libl'S  lias  su^^'gested  to  the  writer  two  theories  to ac- 
<!(uint  for  tills  lissuring:  1,  Wait]  theory:  the  conglomerate 
hiiving  luMMi  jictrd  ujjon  by  a  wavt?  motion  resulting  in  a  sue* 
cession    ol     vri-tie-al    bnal^s.       II,    Contraction   theory:  the 


having  been  heated  and  beginning  to  cool  at  its  extremities 
would  be  lissun'd  towards  the  middle  by  the  resulting  contrac- 
tion. 

This  second  paper  covers  the  southwestern  part  of  the  island, 
or  Newport  Neck  and  the  tract  between  Easton's  Beach,  Cod* 
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tlin^^^ton  Cove  and  the  harbor,  together  with  the  southern  half 
of  Conanicut  Island,  the  west  shore  of  the  west  passage  of 
Narraganset  Bay  from  Plum  Beach  south  to  within  2i  miles 
of  Point  Judith,  and  the  smaller  islands  and  rocks  between 
those  bodies  of  land ;  politically  the  entire  township  of  New- 
port and  parts  of  Jamestown  and  North  and  Soutli  Kingstown. 
The  two  papers,  together,  thus  describe  a  belt  across  the  lands 
which  border  and  divide  the  mouth  of  Narraganset  Bay,  and 
aflord  an  entire  section  across  the  southern  extremity  of  the 
New  England  Carboniferous  Basin. 

Newport  Neck  has  been  pretty  fully  described*  and  Jack- 
son s   map  covers  the  entire  tract.     The  highly  metamorphic 
character  of  the  rocks  of  the  region,  as  well  as  their  complex 
stratigraphical  relations,  and  the  fact  that  half  the  area  is  under 
water  must  account  for  the  lack  of  clearness  as  well  as  the  con- 
tradictions in  some  of  the  conclusions  of  the  geologists  who 
have  studied  it.     Thus,  Dr.  Jackson  regarded  the  granite  of 
Kewport  Neck   and  Conanicut  as  intrusive  and  as  having  in 
both  places  altered  the  adjoining  Carboniferous  slates  to  sili- 
ceous and  epidotic  slates.     The  central  portion  of   this  neck, 
from  Brenton's  Cove  to  Coggeshall's  Ledge,  he  maj)s  as  Archaean, 
the  remainder  of  the  neck  oh  the  west  and  a  strip  on  the  east, 
as  *' Metamorphic  Slate,"  and  the  entire  southern  part  of  Co- 
nanicut and  the  west  shore  of  the  bay  also  as  Aruhiean.     Pres. 
E.  Hitchcock  also  made  the  siliceous  slate  of  the  neck  meta- 
morphosed argil lyte  of  Carboniferous  age.     The  part  west  of  a 
line  running  south  from  Brenton's  Cove  he  calls  Carboniferous, 
as  he  does  the  dolomite  of  Fort  Atlams,  and  "  The  Lime  Rocks," 
and  the  various  schists  of'  **  The  Clills/'      But  Professor  C.  H. 
Hitchcock  regards  the  granite  and  protogine  of  these  localities 
as  either  metamorphic  or  eruptive,  and  in  any  case  as  Post-Car- 
boniferous.    Older  than  this  protogine  but  more  recent  than 
the  Coal-measures  he  considers  the  siliceous  and  other  slates  of 
the  central  and  western  part  of  the  neck,  and  also  the  jasper, 
serpentine    and    dolomite  associated  with  them.       Above  the 
Coal-measures  proper,  but  below  these  slates  he  puts  the  con- 
i-     glomerate  of  Coaster's  ILirbor  Island  and  Miantonomah   Hill. 
Professor  Shaler  calls  the  siliceous  argillytes  of  the  neck  ''Pri- 
mordial Felsites."     Professor  Hunt  is  disjiosed  to  classify  the 
naagnesian  rocks  of  the  neck  as  Uuronian  and  alludes  to  the 
graaite  as  intrusive. 

•Cliiis.  T.JackHon,  (leol.  Survey,  \L  I.,  l«4n.  pajjea  40,  80-92.     Ed    liitolu'ook, 
Geol.  of  Ma.«s.,   1841,  i)a>|:es  537,   :i40,   550.  552.     Oh.   11.    Hitclictv-k.    (JfdI.    of 
I:iland  of  Aquidneck,  Prowedingf*  Amoriciui  Associatum   Advarioeiij»Mir.  Scioncv 
]m\  pages  IIU,   121-l2t),    I20-1H:J,    130-7.     N.   S.   Sliabr.    (Juol.  ol'   Island   of 

Aqiiidhirck,  etc.,  Aineri(»m  Naturalist,  vol.  vi,   1872,  pages  521-5,  6U).  <;10.  752. 

T.  .Sterrv  Ilunt.     Proceedinjjs  Boston  Soc.  Xat.   Hist.,   vol.   liv.   1S60.     For  full 

a'tJes  aud  Inbliography  of  H.  I.  Geology  sec  tirst  paper. 
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In  order  to  rectify  these  contradictions  and,  if  possible,  de- 
termine the  structural  and  chronological  relations  of  these  beds 
the  following  observations  were  taken. 

Easton's  Beachj  Hie  Clfff's,  Newport  City — At  1  (see  map),  at 
east  end   Easton's  Beach,   iilternating  lavers  of  conglomerate 
and  dark  gray  argillyte  dip  5°-10°-20°'E.SE  *     The  nearest 
outcrop  westward  is  at  Bliss'  Cave,  2,  where  similar  nx^ks  dip 
80°  W.N.W.     At  3,  west  end  of  beach,  alternating  argillnceous 
and  carV)unaceous  schists,  grits  and   quartz3^te  conglomerates 
measure  over  100  feet,  dipping  45^  W.     At  4,  corner  of  Gibba 
avenue  and  Catherine  street,   20  feet  below  the  surface,  pale 
greenish  argillaceous  schists  with  S])arsely  disseminated,  minute, 
ferruginous  nodules  dip  roughly  W.     As  "The  CI ifts"  trend 
about  N.  10°  E.,  nearly  with  the  strike,  and  as  they  advance 
and  recede  alternately  the  series  is  not  easily  made  out.f     The 
layers  of    conglomerate  sometimes    run  out  or   fork.      Manv 
veins  of  milky  quartz,    large  and    small,   traverse  the  rocks, 
sometimes  stjirting  abruptly  from  the  junction  of  the  conglom- 
erate and  slate  and  tapering  upwards  through  the  former,  gen- 
erally vertically  and  from  E.-W.     A  little  N.  of  6  the  dip  is  90° 
and  slickensides  occur  parallel   with  strata.     At  6  the  dip  is 
60°  W.  and  slickensidcs  are  horizontal.     At  5  and  6,  among 
the  shingle,  qnartzyte  f)ebbles  {j)ossibly  not  from  the  outcrop, 
ping  conglomerate)    containing    Lingaliv.    with    plumbaginous 
sliells.     The  (Mitjutting  rocks  oj>posit^'  Narraganset  avenue  and 
the   likeshnped   mass  south   arc  due  to  the  converse  of  the 
])roccH8  which    formed   tlie  cliasm   **  Purgatory,"   the  rock  be- 
tween two  K-W.  fissures  being  left  whilo  that  on  either  side 
lias  been   eroded.     At  7,  o])positc  Miss  Wolfe's,  about  25  feet 
of  schist  overlai<l  bv  about  tlic  sam<?  thickness  of  conglomerate 
dip  W.       At   Mr.    Ijorillanl's  Br*cakwater,  8,  the  easternmost 
layers,  grits  and  conglomerate,  dip  (15°  E.S.E.  :  then  about 20 
feet  of  grits  and  dark  gray  schists  dip  4r>''-50°  W.N.W.  crossed 
by  slick(Misides,  dipping  about  ITf  W.N.W.     Thence  to  Ochre 
Point,  pale  greenish,  ar«rillaceous  schists  with  oamsional  layers 
of  conglomerate,  dij)  85' -40"^    K.S,E.,   measuring  perha|)S  2iK) 
feet.     The  outlying  line  of  rocks  at  Ochre  Point  indicxiten  the 
direction  of  tlic  strike  and  c<nisists  of  the  lowest  conglonierale 
of  the,  Ochre  Point  series,      In  passing  westward  the  dip  snJ- 
denly  changes  to  2o''-80'  S.S.  W.,  the  rocks  being  pale  greenish, 
possibly  hydro-mieaceous  schists  with  minute  crystals  of  mag- 
netite, in  places  re<Mish  yellow,  ochraccous  schists,  and  traversed 
by  several  quartz  veins.      At  9,  this  l)ed  seems  to  be  underlaid 
by  conglomerate  and  grit,  dipping  first  25°  E.S.E.  then  25M 


*Tliose  poiiitp  :irc  nil  pivoii  witlioiit  allowance*  for  variation, 
f  Xo  twit  1 1  stand  in  jr  llii.^  dillifnUy  IVotl-ssor  Ch.  HitchcoeH  gives  n  long  series  d 
nicaaiiromt'uts.     Up.  dt.,  p.  122-'i. 
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S.S.W.     Near  10  the  ochraceous  schists  recur  dipping  under  a 
large  vein  mass  of  milky  auartz  at  15°-20®  S.S.  W .     South  of 
10  about  75  feet  of  finely  laminated,  carbonaceous  slates  dip 
35°-40°  W.N.W.     At  11  these  dip  45°  W.N.W.  and  continue 
to  Sheep  Point  and   12,  13.     Professor  C.  H.  Hitchcock  ^ives 
IS  species  of  coal  plants  from  this  bed  and  two  seams  of  an- 
thracite, 6  inches  and  12  inches  thick,  now  probably  concealed.* 
At   12,  these  schisUs  dip  40°  W.N.W.  and  contain  ferruginous 
nodules  several  inches  thick,  minute  veins  made  up  of  alter- 
natitig  lamiuaa  of  quartz  an<l  anthmcite,  and  give  rise  to  a 
ferruginous  spring;  at  13  they  terminate  with  a  high  inclina- 
tion.    The  next  outcrop  along  shore  (about  25  feet  off)  consists 
of  a  soft^  decomposed,  light  gray,  argillaceous  or  talcose  schist 
dipping  at  high  angle  westerly,   alK)at  45  feet  thick,  passing 
im«>  a  harder,  greenish,  talcose  schist  which  passes  into  a  tough, 
dark  gray,  slightly  purplish,  coarsely  schistose  argillyte  with 
minute  veins  of  serpentine  and  passages  of  calcite.     This  rock 
forms  the   headland,  14,  »nd,  at  15,  passes  into  an  argillaceous 
£eri)entine  with  occasional  layers  of  chloritic    talcose  schist, 
LOilules  and   veins  of  epidote,   passages  of  chlorite  and   both 
large  and  minute  veins  of  quartz,  dipping  about  N.N.W.     The 
islet  and  rocks  to  the  Ciist  seem  to  be  of  the  same  character, 
tbiia  bringing  the  easternmost  exposure  of  this  bed  on  a  line 
with  Ochre  Point.     On  the  south  it  continues  to  16,  where  it  is 
in  close  contact  with  protogine,  hand  specimens  showing  both 
rocks  together.     This    prot')giiie  forms  the   whole  point  and 
foggeshalTs  Ledge,  in  places  is  charactt?rized  by  large  crystals 
of  feldspar,  according  to  Professor  E.  Hitchcock   by  faulted 
veinSjf  at  one  locality  is  traversed  by  a  vein  i  of  yellowish  ser- 
pentine, and  at  17  near  Bailey's  Beach  underlies  the  epidotic 
and  chloritic  schists  a^ain.     These  rnav  be  traced  lo  18  and  19. 
Tlie contact  occurs  in  this  wise  at  17  :  Lying  immediately  uj)on 
the  protogine  are  layers  of  ferruginous  chlorite  dipping  N.  at  a 
higli  anjzle,  followed  by  layers  of  quartzyte  with  quartz  peb- 
bles and  pyrites,  measuring  altogether  al)out  17  foci,  and  fol- 
lowed by  about  13  feet  of  protogine   with   large  crystals  of 
feMspar,   upon   wiiich  rest  the  epidotic  and   chloritic  schists. 
X'^rth  of  Bailey's  Beach  the  first  outcrop  is  at  2<K  on  the  east 
siiie  of  Almv*s  Pond,   where  clay  slates,   like  those  associated 
with  the  conglomerate  of  *'The  Cliils,"  dip  50°  N.W.,  recurring 
at  '11  and  again  at  22  near  the  corner  of  Si)ring  and  Perry  sts. 
h  digging  for  a  sewer  the  rocks  were  recently  exposed  for  the 
whole  length  of  Levin  street,  ]>t.  23.     TIht  are  gray  argilla- 
ceous and  perhaps  micaceous  seiiists,  witli  thickly  disseminated 
minute  grains  of  a  ferruginous  mineral,  and  di|>ping  about  25° 
W.     Similarly  speckled  schists  occur  at  1,  2,  22,  and  were  ex- 

*  Op.  cit..  p.  125.  f  Op.  cit..  p.  OU:i. 
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posed  on  Bellevue  avenue  from  Levin  to  Pelham  streets.  A 
24,  near  corner  of  Clark  and  Mary  streets,  a  2-foot  seam  oj 
coal  was  struck.  At  25,  near  corner  of  Farewell  and  Marlbo- 
rough streets  some  black  slates  were  exposed  several  years  ajro 
with  Pecopteris  arhortacens  and  P,  heinitaloules^  together  with  a 
new  species  which  Lcsqucreux  named  P,  Clarh'i*;  at  26,  Fort 
Greene,  and  the  iuljoining  '*  Blue  Rocks"  dark  gra}'  argillaceous 
schists  dip  80°  N.W. 

AUantimomah   Hill,    Coddimjion    Cove, — At   27,   in    a    ravine 
south  of  this  hill,  is  an  outcrop  of  more  than  20  feet  of  light 
gray  argillaceous  schists   associated    with    a   conglomerate  of 
small  quartzytfe  pebbles  dipping  20°  N.     At  28,  west  of  the 
hill,  quartzyte  conglomerate  and  argillyte  di])  40®— i5°  E  to 
N.E.     Tlie  summit  of  the  hill  consists  of  a  coarse  conglome- 
rate, like  that  of  Easton's  Pointy  10-15  feet  thick,  overlying  a 
siliceous,  argillaceous  grit,  all  dipping  15°  S.E.  to  S.S.E.t   These 
grits  crop  out  apain  at  29.     Schists,  like  th(»se  of  27,  but  of 
uncertain  dip,  are  exposed   by  the  railroad  cutting  at  30.    At 
81,  Coddiiigton  Point  earth  works,  dark  gray  argillytesdiplO°- 
15°  S.W.      At  32,  the  most  easterly  outcrop  on  Coddinj^ton 
Cove,  is  a  40  feet  high  cliiY  of  more  or  less  carbonaceous  schists, 
slates  and  sandstones  dipping  15°-20°  S.W.     At  33,  the  dip 
changes  to  25°-3(»^  W.,  a  little  north  to  30°-35^  N.W.,  the  bend 
in  the  shore  being  just  o[>posito  to  that  in  the  strike.     Someof 
the  schist  near  33  resembles  that  of  Levin  street,  etc.     Beyond, 
the  strata  strike  N.-S.   with  a   very  high  westerly  dip  anil  so 
continue  t(^  34.     At  35,  20°-25°  W.,  and  a  little  south  there- 
mains  of  a  thick  vortical  quartz  vein  stand  on  the  beach  a«o- 
ciated   with   the  regular  conglomerate  but  both  vein  and  ro<.'k 
contain  much  chlorite. 

Bu/zop  liorh: — On  the  ciust  side,  argillaceous  and  carbona- 
ceous schisifi,  altijrnatiiig  with  grit  and  qu.nrlzyte  conglomerate, 
dip  3n''-  35"^  N.  to  N.N.W.  The  carbonaceous  schists  with  fer- 
ruginous nodules  on  {\n\  W.  and  N.  side  dip  45°^0°  N. 

QidsUrii  Harbor  Island  (ind  AW.*,  (lull  liocks. — At  36  shity, 
chloriticr  argillyte  with  small  passages  of  calciie,  a  rock  similar 
to  that  at  Brown's  Point  in  Little  Conipton,  dipping  25°-30° 
N.K.  At  Co:ist(M's  Harbor'  Rock,  which  lies  due  S.,  the  same 
ro(^k  recurs,  dipping  15^  N.,  and  also  at  the  Gull  Rocks,  dip- 
j)ing    I5°-20°    \.    with   E.-W.    vertical    fissures.     In  the  little 

*.Soe  11  (Jc'ol.  Snrvov  I'm.,  vl.  I*,  text  p.  ll»".l  am]  plate. 

f  Two  b«iwl«krs  from  iliis  vifinity  an*  of  cxtTa-llinit^il  8trnti;;rapbii*al  interett, 
Oinr,    idiin'l   liy  .Ntr.  .\lr\aiiil«'r  ri'ckliaiii    SW.  of  27.  :i  reddish  crinoid  limestone 
witli  a  SpirifLT  ami  MrnpluiMnMia.     'i'la^  oilur,  tVoiii  tlio  f^ast  baso  of  Miautnnoinih 
Hill,  a  dark  irray  ar^rilhu-cioiis  st-liisl  wiili  miiiuti'  rrv.-tals  ol"  OUrflite  (Newi>firtite) 
and  an  iiii])rfSsio!j   of  a  ]>lam  sti.-iu  It  iiidios  lonj?  an<l  I  inch  wide  niarki.'d  wit^ 
loiijritndiual   pro(>ve^    r^mni.   apart.     HowMors  aini  pebbles   of   Ottndite   s<.*hiA 
«'jl>ouiul  about  NowpDrl,  but  I  \r.wv  failed  lo  Mnd  any  outcrop  of  il. 
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»ve  N.W.  of  86,  gray  argillaceous  schists,  wiih  minute  nodules 
■  some  talcose  mineral  and  ferruginr)us  veinlets,  dip  20°-26° 
.E.,  reappearing  on  the  W.  side  at  37,  with  a  dip  of  25°-30° 
.E.  The  projection  S.  of  37  is  *'  quartz  and  clay  aggregate" 
ke  that  of  Sachuest  Neck,  with  some  carbonaceous  slate.  At 
),  the  conglomerate  and  associated  beds  commence,  dipping  a 
ttle  farther  north  35°-40^  E.S.E.  with  N.N.W.  fissures.  The 
^uliar  looseness  of  this  conglomerate  has  been  described  by 
rof.  Ch.  Hitchcock.*  The  pebbles  increase  in  size  northward, 
le  largest  about  8  X  10  inches ;  they  are  rather  spherical, 
lainly  quartzyte  but  sometimes  argillyte.  At  38,  it  contains 
ieces  of  carbonaceous  slate  and  of  the  speckled  slate  of  86, 
7.  Near  39  a  piece  over  6  inches  wide  of  alternating  laminsa 
f  anthracite  ana  quartz,  like  the  small  veins  near  Sheep  Point, 
^his  may  have  been  a  fragment  from  a  seam  of  impure  coal  or, 
8  seems  quite  as  probable,  from  its  adhesion  to  the  rock,  may 
lave  been  formed  at  the  time  of  the  deposition  of  the  conglom- 
rate.  This  conglomerate  occupies  the  remainder  of  the  island, 
)Q  the  west  side  with  schist  and  grit,  at  39,  dipping  25''-30® 
ibout  S.S.E. ;  at  40,  30'*-^5'  E.S.E.,  on  the  northeast  side, 
J.N.W.  at  high  angle,  and  at  41  and  42,  with  carbonaceous, 
ipeckled  slate,  20°-25°KN.W. 

Qoat  Island. — A  boring  recentlv  made  within  the  fort,  after 
jassing  through  50  feet  of  alluvial  gravel  and  clay,  entered  the 
ihloritic  argillytes  with  passages  of  calcite  for  about  150  feet. 

Little  Lime  Rock  (misleading  in  name). — Chloritic  argillyte 
jtriking  N.N.E.-S.S.W.  and  dipping  almost  vertically.  At  43, 
ind  thence  southward  to  the  shore,  these  rocks  recur,  dip  15°- 
20'  SE. 

The  Lime  Rocks. — The  western  one  is  a  light  gray,  inclining 
to  bluish,  dolomite,  traversed  by  veinlets  of  quartz.  A  micro- 
scopic section  shows  nothing  but  the  structure  characteristic  of 
limestones.  On  the  south  side  are  a  series  of  joints  or  layers 
with  a  rough  easterly  dip.  This  grayish  dolomite  forms  also 
the  western  half  of  the  eastern  rock,  its  other  half  being  a  yel- 
lowish, pinkish  dolomite  of  the  same  character  but  containing 
dark  purple  and  rarely  green,  slates.  In  one  spot  layers  of 
purple  slate  alternate  with  2-inch  layers  of  dolomite :  the  dip 
ancertain.  The  small  protruding  rock  south  of  these  is  dolo- 
nite  but  possibly  a  bowlder. 

Newport  Neck. — The  line  from  44  south  to  the  west  side  of 
Jailey's  Beach  forms  the  eastern  boundary  of  a  bed  of  proto- 
ine.  No  contacts  beffween  it  and  the  argillaceous  and  carho- 
aceous  schists  on  the  east  have  been  found.  From  44  west  to 
>,  and  thence  north  to  near  47,  the  limit  of  the  protogine  is 
mcealed  and  as  the  nearest  outcrops  north  are  at  the  Little  Lime 

*p.  130. 
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Rock  and  22,  there  is  about  half  a  mile  square  here  of  oncertain 
age.     At  47  and  48,  the  protogine  is  bordered  by  a  narrow 
sirij)  of  highly  inclined,  siliceous  argillyte ;  at  51,  these  rocks 
are  seen  in  contact     The  protogine  becomes  a  compound  of 
greenish  feldspar  and  hyaline  quartz,  and  the  overlying  rock  is 
a  stratified  flint.     From  51  to  50  there  is  a  low  cliflF  probably 
due  to  a  fissuro.     From  57  to  58,  the  two  rocks  are  again  in 
contact  and   at  52  and  54  small  insulated  masses  of  siliceous 
artrillyte  overlie  the  nrotot^ino.     At  46,  distinct  strata  dip  40**- 
50°   W.N.W.  crossca  by  vertical  fissures  running  E.S.k.-W. 
K.W. ;  and,  at  53,  this  strati ficiition  is  crossed  by  a  svstem  of 
joints  dipj)ing  E.SE.     At  49  are  large  veins  of  massive,  bright 
pink  feldspar  and  milky  quartz.     At  56,  on  Lily  Pond  Beach, 
the  protogine  is  traveled  by  veins  of  flesh-colored,  crypto- 
crvstalline  feldspar  and  quartz.     The  southernmost  exposure  is 
at  Gooseberry  Island.     Lithologically,  the  rock  varies  from  a 
compound  of  quartz  and   pinkish   feldspar,  or  of  these  with 
chlorite,  to  one  of  all  these  with  a  greenish  feldspar;  and  iu  a 
few  places  it  is  probably  a  true  granite.      Its  area  measures 
IgX'J  of  a  mile. 

To  the  west  of  this  tract  is  the  ** Flinty  Slate"  about  IJX^ 
of  a  mile  in  extent.  The  c<MUact  on  the  north,  south  and  west 
is  eoncealed  or  obscured  bv  sea,  marsh  or  beach.  At  59,  near 
the  protogine,  the  dij)  is' r)0°-55°  W.N.W. :  at  60,  35M0' 
W.N.W. ;  at  61,  about  the  center,  35-40°  N.  W.  From  62,  on 
the  south,  northward  to  68,  the  dips  arc:  62°  N.  12°  W.  70', 
65°  70^  55^  50^  all  N. :  a  little  west  of  HSZ,  '.ib''  E.S.E.,  a  little 
north  of  it,  65"  K. :  on  the  south  side  of  Price's  Neck,  at  H6, 
1(>'~15°  E.N.K.  In  the  northern  part  the  dip  is  high  and  un- 
ctMtain,  but  tin?  strike  in  several  places  is  clearly  N.E.-S.W. 
The  rock  is  a  .siliciuHis  argillyte;  in  some  places  an  impure 
sorpentine,  slaty  or  massive,  varying  in  structure  from  finely 
granular  to  iinp:ilpable  :  at  one  locality  it  is  an  agglomeration 
of  very  small  pt.^bhlos.  The  color  is  <2:cncrally  dark  gray,  some- 
tiijies  witii  Ji  greenish  tinge  owing  to  minute  veins  of  ser{)en- 
tine.  The  jioint  torming  the  east  side  of  Brenton's  Cove  is 
a  niiissive,  tiark  puri)le,  siliceons  argillyte,  with  voinlets  of  pale 
grren  serpentine,  eiu-josing,  ;it  one  s]>ot.  amorphous  calcite,  and 
at  (>5,  a  l)e(l  of  gn.'iMiisli  gray  tahr  several  feet  thick,  which 
se<'nis  to  n'eurai.  Til,  when^  it  is  dark  green  and  associated  with 
asl>rstos  and  pierMJiti'.  Sranis  ol"  ser[)rntine  are  not  infrequent 
in  thai  vicinity  and  iJu:  schist  is  somewhat  plicated,  but  the 
olil  local ity  of  precious  stM'pentine  is  no\v^ concealed.*  Both  on 
the  north  and  soutli  sidrs  of  \\\v.  traet  iliin  seams  of  black,  sili- 
ceous argillyte  oC('ur.     A  litile  west  of  <>3  the  rock  is  very  argil* 

■"  A  fompa>-s  l.x.i.v  iniide  of  thi-i  -rrpontiin!  w:i>«  so  magnetic  as  to  reii'ler  the 
coiiijinsd  uaclcs.-i. 
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us  and  schistose ;  also  at  62,  70  and  66.  At  62  and  70, 
ippears  to  be  exceptional,  for  on  Price's  Neck  it  is  again 
I  siliceous.  At  66,  it  encloses  fragments  of  cbloritic  argil- 
The  adjoining  rocks  on  the  west  are  not  dissimilar  and 
.5°-20  N.E.,  as  do  the  slates  a  little  north,  which  belong 
e  siliceous  argillytes.  It  is  difficult  to  determine  the  pre- 
boundary  at  this  point.  Perhaps  it  should  be  drawn  at 
here  greenish-gray  slates  dip  10°-l6°-20^  E.S.E.,  and  hold 
lies  of  a  decomposed  ferruginous  quartz, 
le  rest  of  the  neck  is  mainly  occupied  by  bluish  green  and 

purple,  slaty,  chloritic  argillyte.  At  71,  it  is  decidedly 
ritic,  dipping  35°  N.  12^  W.,  containing  passages  of  calcite, 
underlaid  by  a  ferruginous,  siliceous  chlorite  schist,*  resem- 
I  somewhat  that  at  17,  Bailey's  Beach,  but,  still  more,  cer- 
layers  in  Church's  Cove,  Little  Compton,  at  the  base  of 
3bloritic  argillytes.  Some  disturbance  has  occurred  here, 
these  ferruginous  rocks  protrude  through  the  overlying 
lytes  and  a  thick  quartz  vein  with  chlorite  traverses  close 

At  72,  these  argillytes  with  calcite  dip  15°  N.E.,  at  73, 
25°  N.E.,  at  74,*  alternating  with  dark  purple  ones,  10° 
A  little  west  the  purple  and  green  run  in  stripes  across 
bedding  and  the  layers  seem  somewhat  talcose.  At  75, 
res  Point,  veins  of  quartz  with  chlorite;  a  little  west, 
k  Point,  the  dip  is  10°-15°  N.E.,  at  76,  10°-15°  E.S.E. 
n,  green  and  purple,  very  finely  laminated  and  lustrous 
s  dip  15°-20°-25°  N.N.  W. ;  ai  78,  the  purple  ones,  5°-10° 
.W.  abounding  in  calcite.  A  little  north  the  dip  is 
20°-25  N.N.W,  At  Ragged  Point,  grits  and  purple  slates, 
20°  N.E.,  at  80,  Kam's  Head,  15°-25°  N.E.  with  quartz 
s  containing  chlorite  and  feldspar,  and  alickenside  planes 
30°S.S.E.  At  81  the  slates  dip  10^-20°  E.S.E.  On  the 
side  of  Castle  Hill  the  argillytes  abound  in  calcite.  At 
urple  and  green  slates  dip  2l)°-30°  E.S.E.  A  recent  exca- 
)n  south  of  82,  brought  to  light  green  argillyte  containing 
J  nodules  of  limestone  traversed  by  small  veins  of  crystal- 
calcite.  At  83,  the  dip  is  35°-40°  N.N.W.,  at  84,  purple 
green  slates  with  calcite,  dip  15°-20°  E.S.E.  From  84  to 
^ravish,  greenish  and  purplish  schists,  here  and  there  with 
le,  dip  15°-35°-50°  E.S.E.  At  Sb,  on  Point  of  Frees  Beach, 
ited  schists  of  alternating  laminae  of  quartz  and  slate  crop 
dipping  20°-25°  E.S.E.  At  >^iS,  the  chloritic  argillytes  dip 
E.  and  at  87,  with  calcite  and  pyrites,  10°  K.S.E.  From  87 
Jiwest  to  73,  there  are  a  number  of  outcrops.  At  88,  purple 
es  dip  30°-35°  E.S.E. ;  at  89,  purple  and  green,  the  former 
losing  dark  purple  jasper,  dip  E.S.E.,  and  continue  in  a  ridge 
iding  N.N.E.    The  small  bowlders  and  pebbles  of  dark  ])urple 

*  Soo  Ch.  n.  Hitchcock,  op.  cit.  p  126. 
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and  red  jasper  on  the  beaches  about  Brenton's  Point,  probablj" 
originated   here.     At  90,  which  is  200  feet  from  the  "  Flinty 
Slate/'  the  dip  is  2o°-30°  E.S.E.     The  two  protruding  rocks  in 
the  northern   part  of  the  marsh  dip  toward  the  Flinty  Slate  in 
a  general  E.S.E.  direction.     At  91,  near  the  artillery  stables, 
the  green  slates  dip  ir>°-20°  E.S.E.,  and  a  lenticular  mass  of 
quartzytc,  15  feet  thick  by  40  feet  long,  is  partly  enclosed  hy 
them.    Quartz  veins  abound  hereabout.     Returning  to  the  west 
shore  of  the  neck :  from  85  to  92  there  are  dark  purple  schists 
passing  into  dark  greenish  ones,  dipping  20°~25°  E.S.E.,  and  at 
93,  north  of  the  redoubt,  overlaid  by  the  bluish  green  schists 
with  a  similar  dip.     At  94,  opposite  the  harbor,  are  exposed  at 
low  tide  green  and  purple  slates  containing  nodules  and  pebbles 
of  dolomite  and  red  jasper,  alternating  witli  layers  of  a  pinkish, 
yellowish,  dolomite  with  veinleta  of  quartz   like  the  dolomite 
in  the  eastern  "Lime  Rock"  and  enclosing  pieces  of  slate,    A 
microscopic  section  of  it  shows  nothing  but  the  structure  char- 
acteristic of  limestone.     These  beds  strike  N.E.,  and  the  dip, 
not  clear  now,   Prof.  C.  II.  Hitchcock  found  to  be  40°S.E. 
Fragments  of  a  bluish  gray  dolomite,  lil£^e  that  of  the  western 
"Lime  Rock,"  lie  on  the  beach  at  95,  probably  originating  in 
the  outcrop  mentioned  by  him  but  now  concealed.* 

Rose  Island. — The  wider  southern  portion  is  entirely  chlo- 
ritic  argillylc,  dipping  on  the  east  and  south  sides  20^-25* 
N.E.,  on  tiic  west,  10^-20°  N.,  and  a  little  east  of  the  light- 
house, trnversed  by  veins  of  quartz,  chlorite  and  feldspar,  iden- 
tical with  those  at  point  80,  llam's  Uead.  At  65,  al>out  1000 
feet  from  iho  nortluM'n  end,  these  rocks  are  followed  by  the 
"(]uartz  and  clay  aggregate ''  of  Sachuest  Neck,  etc.,  dipping  ; 
35°-4()°  K.,  and  followed  at  the  end  itself  by  carbonaceous  ' 
argillytes  with  the  same  dif). 

On,uinrut, — '^Fhe  two  parts  of  this  island  are  united  by  the  .: 
narrow  stri|)  of  beach  forniinij  the  head  of  Mackerel  Cove. 
The  northern  i)art  ends  south  in  a  hilly  tract  of  protogine  about 
1  X  ^  mile  in  area  generally  consisting  of  a  pinkish  and  a  greenish 
feldspar,  (juartz  anil  chlorite  At  101,  this  is  traversed  by  one 
large  and  several  small  veins  of  milky  quartz  striking  N.W.- 
S.K.  and  (li|)j)ing  N.E.  Near  TOO,  the  pink  feldspar  occurs  in 
large  i-ryslals,  and  at  lOO  the  protogine  is  seen  in  contact  with  a 
siliceous  argillyte,  the  two  rocks  being  literally  dovetailed  into 
each  other.  This  is  due  to  fanliintr  as  niiiv  be  seen  from  a  four- 
foot  long  vfin  close  hy,  vvhi(!li  is  faulted  ten  times.  This  silice- 
ous argillyte  j'a.-scs  shortly  into  a  serpentine  and  epidote  schist 
containinir  nodules  of  crystallized  epidote  and  some  quartz  peb- 
bles. reseml.)lin":  ;j^enerallv  the  schist  at  15,  at  the  end  of  "The 

*  op.  cit.  \y.  131;    8oe  jiNo  .I;icksoii.  pp.  31,  91,  24G.  and  EcL  Hitchcock,  pp- 
C37,  052. 
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s "  in  Newport.  The  dip  is  about  easterly.  There  is  a  vein 
foot  thick  of  pink  feldspar  and  quartz  like  those  of  66,  Lily 
1  Beach.     Near  99,  this  rock  passes  into  a  chlorite  schist 

a  little  mica  and  minute  passages  of  calcite,  and  is  identi- 
fith  that  of  a  portion  of  Ridge  III,  "Paradise."  The 
mpling "  Islets  seem  to  be  of  the  same  character,  but  the 
3.E.  of  100  is  protogine.  At  99,  the  chloritic  and  epidotio 
ts  terminate.  From  98  to  97  the  protogine  is  bounaed  by 
egular  siliceous  argillytes,  like  those  at  Newport  and  Sachu- 
Fecks,  which  extend  to  102,  within  half  a  mile  of  Jamestown 
^ ;  at  the  east  end  of  Hamilton  avenue,  dipping  16^-20® 
at  108,  more  highly  inclined  and  striking  N.N.W.-S.S.E. 
1  97  to  96  the  protogine  is  bounded  by  a  triangular  mass 
quartz  and  clay  aggregate,*'  the  last  outcrop  of  which  is  at 
At  96.  on  Mackerel  Cove,  these  two  rocks  are  seen  in 
ict  The  quartz  of  the  protogine  is  dark  colored,  like  that 
le  "aggregate"  which  lies  upon  it  and  which  contains  a 
layers  of  dark  gray  slate.  The  dip  is  high  and  hardly 
-minable,  but  at  106,  dark  gray  slates  dip  10^-15°  N.W.,. 
laid  beyond,  along  the  shore  of  the  cove,  by  light  colored, 
V  laminated,  argillaceous  slate  dipping  successively  20°-30** 
r.W.,  30^  N.N.W.,  15°-20°  N.N. W.,  and  frequently  striped 
>s  the  bedding,  enclosing  siliceous-ferruginous  matter  like 
ilates  at  the  southwest  corner  of  Coasters'  Harbor  Island, 
h  of  Mackerel  Cove,  from  106  to  108,  similar  light  and 

gray  schists  and  slates  recur,  dipping  successively  20°-26®, 
26**  and  30°W.N.W.,  with  thickly  disseminated,  minute 
lies  of  crystalline  siderite,  in  some  places  striped  across  the 
ing,  and  traversed  by  quartz  veins  with  crystalline  calcite 
h,  from  its  color  in  weathering,  must  contain  some  carbonate 
)n.  No  satisfactory  outcrops  exist  east  of  the  line  just  fol- 
d,  but  on  the  east  side  of  the  island  at  102,  beyond  the 
lern  termination  of  the  siliceous  argillytes,  the  argillaceous 
8  of  the  east  side  of  Mackerel  Cove  recur,  dipping  at  107, 
W.,  a  little  south  of  the  ferry,  25°  S.S.E.,  at  the  ferry 
.W.,  and  at  Taylor's  Point,  10°-20°  S.W.  to  S.S.W. 
le  sonthern  part  of  Conanicut  consists  entirely  of  the  sid- 
t,  argillaceous  schists  described,  although  in  some  places 
ideriteis  wanting.  The  overlying  rocks  occur  at  Beaver 
1.  At  109,  south  of  the  Mackerel  Cove  beach,  the  schists 
15°  N.W.,  at  110,  north  of  that  beach,  25°-30°  N.W. ;  at 
they  are  dark  colored  as  at  108;  at  112  they  dip  35°-40° 
.W.,  becoming  north  somewhat  ochraceous;  and  at  113 
lar  schists  dip  40°  S.S.K  to  1)0°.  Between  113  and  114 
e  are  no  outcrops;  but  at  114  dark  mica  schists  dip  E. 
.  at  high  angle,  and  a  little  beyond  stand  erect,  striking  with 
east  shore  of  Dutch  Island,  much  plicated,  in  folds  several 
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inches  across,  and  veined  with   quartz.     At  115   these   mica 
schists  are  interst ratified  with  conglomerate  of  flat  pebbles  of 
quartzyte,  micaceous  and  argillaceous  schist,  dipping  20^-25^ 
E.S.E.     At  110  carbonaceous  and  argillaceous  schists  dip  45^  E. 
S.E.     The  siderite  schists  on  the  west  shore  of  Mackerel  6ove, 
from  109  south  to  120,  dip  successively,  15^  E.S.E.,  15°  N.N.E., 
10^  N.E.,  20°-25°  N.E.,  80°  N.E,  25°-30°  N.N.E.,  20°  N.N.E, 
25°-30°  K  by  S.E.,  15°  E.N.E.,  10°  N.N.E. :  at  121  in  Hull's 
Cove,  15°  N.N.E.  ;  from  the  west  side  of  Hull's  Cove  to  Beaver 
Tail  Light,  successively:  10°,  30°  N.N. W.,  5°  S.S.E..  5°-10" 
N.  N.W.,  10°-lf)^  \V.S.W.,  10°-15  N.N.W.,  15=^  N.N.W.,  5 
N.W.  or  N.N.W.,  45°  N.W.,  lo°  W.S.W.,  30°  W.N.  VV. :  from 
Beaver  Tail  Light  north  to  Austin's  Cove  on  the  west  side  of 
the  island  :  30°,  35°,  40°-15°,  all  W.N.W. ;  at  124,  40°  W.;  at 
125,  40°  N.N.W. ;  jit  126,  40°-45°  N.W. ;  and  at  127,— N.N. W. 
The  following  observations  were  made:  From  109  to  120 the 
schist  is  often  minutely  )>licated,  one  specimen  showing  7  pli- 
cations to  the  inch,  and  sometimes  folded  at  high  angles.     At 
117  is  a  sheet  of  schist,  broken  off  from  the  adjoining  outcrop, 
measuring  about  5'X5'X6"  which  is  folded  twice  at  right  an- 
gles.    At  119  occur  veins  of  quartz,  with  chlorite  and  ferrugin- 
ous, crystalline  calcite  like  those  between  106  and  108.    The 
schists  and  slates  are  very  finely   laminated,    greenish  gray, 
waxy,  possibly  slightly  talcoid  or  hydro-micaceous.     The  mi- 
nute nodules  of  siderite  varv  in  size  and  in  distribalion.     Be- 
twoen  119  and  VIO  the  schists  are  dark  gray;  at  120,  striped 
liglit  and  dark  across  the  bedding.     Between  120  and  121  is  a 
bed  or  vein  10  feet  thick  of  a  much  decomposed,  micaceous, 
siliceous  and  ferruginous  rock.     At  122,  the  dark  gray  slates 
recur  with  cubical  pyrite,  and  continue  to  Lion's  Ilead,  with 
one  vein  of  quartz  and  calcite.     The  dark  gray  schist  passes 
both   verticallv    and    horizontallv  into  the  light  colored.    At 
Lion's  Head,  are  striped   schists.     At  12«3  there  is  a  veni  1  to 
3  feet  thick,  running  N.W.-S.E.  at  high  angle,  of  argillaceous 
quartz  willi  cubical  pyrite  and  crystalline  calcite.     Near  Bea- 
ver Tail  Light,  tlio  l)eds  are  slightly  ochraceous;    on  the  west 
side,  north  of  the  Liizht,  they  arc  alternately  light  or  darker 
striped;  at  ll^4,  a  vein  like  that  of  123.     At  120  the  oxidized 
nodules  of  sidoritci  stand  out  on  tlie  weathered  schist  which  i« 
finely  vcinod    with  quartz.     The  largest  nodules  measure  3— t 
mm.  in  diameter.     At  127.  tlie  summit  of  a   120  foot  hill,  is  an 
outcrop,  traceable  for  about  1200  feet,  consisting  at  the   soQtl\ 
end  ot  siderite  s(jliist  which  passes  northward  and  horizontalVy 
into  a  micaceous  schist. 

[To  be  continued.] 
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Art.    XXVni. —  On    the    Crystalline    Farra    of    Hie    supposed 
Herderiie  from  Stone/iam^  Maine ;  by  Edward  S.  Dana. 

Is  the  preceding  number  of  this  Journal  (III,  xxvii,  135X 
Messrs.  Hidden  and  Mackintosh  have  described  a  mineral  from 
Stoneham,  Maine,  which,  as  they  show,  is  probably  identical 
with  Haidinger's  herderite.  The  first  notice  of  tnis  mineral 
was  given  by  Mr.  Hidden  in  the  January  number  (p.  73).  Mr. 
Hidden  has  had  the  kindness  to  place  in  my  hands  the  best  of 
his  specimens  for  crystal lographic  description,  and  I  have  also 
to  thank  Mr.  George  F.  Kunz,  of  New  York,  for  additional 
material  furnished  me  for  the  same  object.  The  study  of 
these  specimens  has  enabled  me  to  make  out  the  form  of  the 
mineral  with  reasonable  accuracy. 

The  crystals  examined  were  mostly  quite  small,  varying 
from  1  or  2  to  3*°°*  in  diameter,  though  there  were  also  a  few 
larger  crystals.  A  preliminary  examination  served  to  confirm 
the  results  of  Mr.  Hidden  that  the  form  of  the  Maine  mineral 
approximated  closely  to  that  of  the  herderite  from  Saxony. 
The  position  in  which  the  crystals  are  placed  is  consequently 
made  to  correspond  with  that  of  the  herderite  as  given  by 
Brooke  and  Miller  (p.  490)  and  in  Dana  s  System  of  Mineralogy 
(5th  ed.,  p.  546).*  The  measurements  and  the  optical  examina- 
tion go  to  prove  that  the  crystals  belong  to  the  orthorhombic 
system. 

The  crystals  are  prismatically  developed  in  the  direction  of 
the  brachydiagonal  axis,  as  shown  in  the  figures  (1,  2,  3),  and 
thev  are  ordinarily  terminated  at  both  extremities  of  this  axis. 
The  commoner  forms  are  those  of  fiirnres  1  and  2,  the  habit 
varying  according  to  the  development  of  the  pinacoids  h  and  c. 
Occasionally  more  complex  forms,  as  that  in  figure  3,  are  seen, 
and  in  one  or  two  cases  the  crystals  were  further  modified  by 
several  minute  planes  not  there  represented;  these  are  Z,  n,  q 
(see  below),  and  two  or  three  others  which  could  not  be  deter- 
mined with  certainty. 
The  observed  planes  are  fifteen  in  number,  viz: 

0(001,  c),  1.1(010,  h):  prisms  /(llO),  i-^ (I'Hl  I),  1-3' (liiO,  7t);  macrodome 
H(:'02.  e);  brachydomes  l-l  (Oil,  ?*),  5-«  (032,  t),  :\-1  (031,  r),  G-l  (OGl,  *) ;  pyra- 
mids 1  (111,/^),  }  (332,  q\  3  (331,  »);  3.-r(3C2,  x);  3-3  (131,  y). 

Considerable   difficulty    was    found   in   obtaining    satisfactory 
fundamental  angles,  and  a  large  number  of  measurements  were 

*  By  Haidinger,  and  after  him  NaiimaDD,  t=i-'i  (230),  and  J=i-i  (032j. 
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made  before  these  could  be  settled  upon.  The  reason  foi 
in  that  the  planes,  though  in  most  cases  bright,  seldom  fi 
sharp  well-uefined  reflections.  Their  surfaces  are  some 
irregularly  striated,  again  uneven  as  if  broken,  and  still 


1. 


2. 


frequently  they  are  covered  by  minute  pyramidal  promine 
In  the  hist  case  it  was  common  to  obtain  two  or  more  eqi 
bright  reflections,  and  these  prominences  mark  the  tendeni 
the  crystallization  to  produce  "vicinal"  planes  in  the  pla« 
the  simple  plane  whose  position  they  so  nearly  occupy.  1 
ilar  elevations  have  been  observed  on  the  surfaces  of  the  < 
tals  of  many  species  (see  the  memoirs  of  Scharff,  Sadebeck 
others),  and  very  recently  Dr.  Max  Schuster  has  made  a  mi 
and  careful  study  of  them  on  the  crystals  of  danburite  fron 
Scopi  (Min.  Mitth.,  1883,  397V  and  has  discussed  their  sig 
cance  in  the  development  of  tlie  crystalline  form.  It  is  not 
sidered  necessary  to  go  into  the  subject  here,  but  it  is  evi 
that,  in  such  cases  as  the  above  of  multiple  reflections,  uei 
one  gives  the  true  position  of  the  plane  in  question  ;  in  gei 
it  was  found  that  the  mean  of  the  two  measurements  C( 
sponded  to  it  more  closely. 

The  angles  finally  selected  as  the  basis  of  calculation  v 
those  most  nearly  free  from  the  irregularities  named,  the  surf 
of  the  planes  being  smooth  and  the  reflections  tolerably  si 


and  well  defined.     These  angles  are: 


1  -\  over  O 
:i  adj. 


(Oil  ^011) 
(Oil  .s;{31) 


=45'  r>4' 
=67"  V 


The  axial  ratio  calculaUnl  from  these  angles  is 

a:h:c-\\  IGlll:  06823      or      06206:  1:  0-4234 


and  the  following  list  gives  the  most  important  of  the  ca 
lated  angles. 
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0^14,  001  ^011=22"  67' 


-H 

^032=32  25 

^3-1, 

A  031=51  47 

^6-1, 

A  061=68  31 

-H 

A  302=45  40 

-1  , 

A  111=38  46 

-}  , 

A  832=50  18 

-3  , 

A  331=67  27 

^3-2, 

^362=58  30 

-3-3, 

A  131=55  16 

1-1 ..  /, 

010^110=58  11 

^  t-2. 

>N  120=38  51 

^i-3, 

A  130=28  14 

^    1, 

A  111  =  70  43 

-  i. 

A  332=66     4 

-    3^ 

A  331=60  51 

.^32, 

^131=43  37 

>.3-3, 

^362=48  24 

/a/ov.  H  IIOaIIO: 

i.2  ^  1-2'ov.  «,  120^120: 

i.3  ^  i-3  130  ^  130: 

HaJ-iov.  0,  302  >v  302: 

M-l-l  Oil  A  Oil: 

Ha}.|  032  a  032: 

3-«a34  OSl/vOfJl: 

6-«-6-t  061  A  061: 


63"  39' 
:  77  43 
:  56  29 

91  20 
:  45  54* 

64  51 
103  35 
137  2 


1  a1  ov.  1-i,  111  A  111  =  38  33 
1a1  ov.  l-«,  111  aI11=  64  18 
1a1  ov.  0,      111a1I1=  77  32 


3^3ov.  3-i,  331a331=68  17 

3  /v  3  ov.  3-«,  331  A  331  =  103  24 

HaI-I  302  a  011=  49  57 

\'%^Z  302a33I=  72  56 

J-i.s3  302^331=  33  47 

1-1^3  011^331=  57     7* 


For  comparison  with  the  calculated  angles  the  following 
esdlts  of  measurement  may  be  given,  only  the  most  reliable 
leing  taken. 


IIOaIIO 

— 

Meanared. 
63  38' 

63' 

•37' 

63' 

40' 

Beqalred. 
63*^39' 

302  A  302 

ss 

88  45 

88 

38 

88 

23 

88^^27' 

88  40 

Oil  A  Oil 

^ 

45  54* 

45  50 

45  54 

031  ^  O.Sl 

^3 

103  39 

103  35 

061 ^  OGl 

= 

137     U 

137     2 

331  .s  331 

^ 

58  13 

58  12 

58  17 

331  A  33l 

^2 

44  52 

\ 

44  42 

45     5 

302  A  Oil 

^ 

49  39 

49  37 

49  57 

302  -  831 

= 

33  63 

33  47 

302  -  33 1 

— 

73     7 

72  56 

Comparison  with  hcrderite. — The  only  detailed  account  of  the 
crystalline  form  of  the  original  herderite  is  that  of  Haidinger 

already  referred  to.  Figure  4  represents 
the  form  given  by  him,  but  redrawn  so 
that  the  vertical  prism  is  in  its  ordinary 
position  (compare  figure  454,  p.  546  in 
Dana's  Mineralogy).  It  will  be  seen  that 
the  habit  does  not  correspond  very  closely 
with  that  of  the  Maine  mineral.  The 
lanes  given  for  herderite  are  0(001,  c),  /-i(100,  a),  2^?-(010,  b\ 
(110),  f  i(032,  t),  6.?  (061,  5),  1  (111,  p),  3  (331,  7i),  4  (441,  0). 
y  comparing  this  list  with  that  given  above,  it  will  be  seen 
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that  all  of  these  planes  except  the  macropinacoid  and  the  pyra- 
mid 4  occur  on  the  Maine  mineral,  while  with  the  latter  there- 
are  eight  not  given  for  herderite.  The  axial  ratio  given  for 
herderite  is : 

a  :  6  :  c  =  1  :  1-6971  :  0*6783  or  0-6261  :  1  :  04247 

The  following  list  will  show  how  far  the  angles  correspond  : 

Maine  phowphale.      Hordeiit^. 


1^1. 

110  ^110, 

63**  39' 

64**  V 

\-\^  l-l, 

Oil  ^Oll, 

45  54 

46  2 

6-T  ^  G-l, 

0t)l  ^  Oill, 

137  2 

137  8 

0^  I  , 

001  ^111, 

38  46 

38  41 

OaS  , 

001  A  331, 

67  27 

67  25 

1-?  N  1-7 

101  A  Toi, 

68  37 

68  18 

These  angles  are  in  the  four  principal  zones  and  serve  as  well 
as  a  much  larger  number  to  show  the  relation  of  the  tw»> 
minerals.  It  will  be  seen  that  the  angles  in  the  brachydome 
series  approximate  very  closely,  as  also  those  of  the  unit  pyra- 
mids, while  the  macrodomes  and  vertical  prisms  vary  some- 
what    In   other   words   the   ratio   (compare  the  axial   ratios 

given)  of  the  axes  b:c  is  nearly  the  same,  while  those  of  arc 

and  d\h  di Iter  slightly.  This  variation  is  a  real  one  and  not 
caused  by  error  in  the  assumed  fundamental  angles ;  for  ex- 
ample for  herderite  the  angle  of  the  macrodome  is  3O2a302^ 
=  89°  0',  while  on  the  Maine  phosphate  the  measured  valuesof 
this  angle  varied  in  the  extreme  cases  from  88°  to  88°  45',  the 
most  trustworthy  angles  being  those  given  in  the  table  above. 
What  degree  of  dependence  is  to  be  placed  on  the  original 
angles  of  Ilaidinger  cannot  be  determined,  but  it  may  be  men- 
tioned in  this  connection  that  Groth  (Min.  Samml.  Stnissburg, 
p.  2r)9)  states  that  his  measurements  on  an  original  specimen 
conlirmed  ihusc  of  Ilaidinger.  Neither  the  variation  in  habit 
nor  in  angle  is,  however,  suilicient  reason  for  separating  the 
two  minerals,  but  we  must  conclude  that  the  results  of  the  • 
crystal lographic  study  <>f  the  Maine  phosphate  serve  to 
strciiotjicii  the  probability  of  its  identity  with  the  Saxon 
mim-ral.  ^Y\\o  question,  liovvevcr,  cannot  be  regarded  as  settled 
until  sorncthinii  more  definite  is  knjwn  about  the  chemical 
composition  of  the  latter  mineral.  It  is  much  to  be  honed  that 
one  of  the  few  existing  authentic  specimens  will  allord  the 
means  of  at  least  determining  wliether  it  contains  aluminamas 
susj)ected  by  Plattner,  or  beryllium  like  the  mineral  from 
Stoneham. 
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I.   Cnp:MisTRY  AXj)  Physics. 

On  a  Relation  hefween  the  Molectdar  weight  of  Litjuids  and 

^"^vJoiutif  i*f  EtHiporatUm.. — On  (iistilliii<^  succossively  in  the 

appanitus  <xiven  voliimos  of  benzene  and  of  water,  Sen  all 
.  tliat,  even  when  the  boiling  was  maintained  as  nearly 
rni  as  possilile,  very  <liftbrent  weisclits  of  these  two  substances 
il  over  in  the  same  time.  Even  in  a  roiigli  experiment,  the 
;ity  of  benzene  in  the  receiver  was  double  that  of  the  water. 

a  view  to  give  the  cxjK»riment  greater  exactness,  the  time 
aporation  of  equal  volumes  of  these  liquids  was  carefully  , 
mined.      Knowing  then  the  density  of  the  liquids  at   the 
kg   point,  their   weights  could   be  calculated  and  lience  the 

time  of  evaporation  of  equal  weights.  On  comparison,  the 
s  thus  obtained  appeareil  to  be  very  nearly  in  the  inverse 

of  the  molecular  weights  of  the  liquids  employed.  Thus 
ine,  with  a  boiling  point  of  70*2"  and  a  <lensity  of  0*8 1:^6,  evap- 
d  in  rj'7,  i2'95  and  12*3  minutes;  while  the  same  volume  of 
i>form,  boiling  point  01 '3°  and  density  1*4048,  evaporated  in 
14*5  and  14*3  minutes.  Or,  reduced  to  equal  weights,  in  8*25, 
nd  8*28  minutes.  Since  m  \^n!  \\t'  \  t^  the  first  value  gives 
ie  molecular  weight  of  chloroform  110*04,  the  second  120*25, 
he  third  115*88  ;  the  true  value  being  110-5.  Benzene,  when 
•ared  with  carbon  <lisulphide,  boiling  point  45*3°  and  density 
2,  evaporated  in  12*3  minutes,  while  the  same  volume  of  CS, 
red   19  miinites ;  or  12*00,  reduced  to  ecpial  weights.     This 

a  molecular  weight  of  75*70,  in  place  of  70.  Water,  boil- 
)<»int  00°  and  density  0*0500,  evaporated  in  04  minutes;  or 

minutes  reduced  to  equal  weights.     This  gives  a  molecular 

ht  of  17*08  instead  of  18.     Moreover,  the  ratio  of  the  volumes 

o  liquids  evaporated  in  equal  times  is  the  ratio  of  their  molecu- 

olumes.     Thus  the  ratio  for  benzene  and  chloroform  above 

1,  is  ri20:  I;  whence   1*120:  1  :  :  05*94  (the  molecular  vol- 

of  benzene) :  85*2   (the    molecular    volume   of  chloroform); 

f  ol)tained  ><4*05.     The  author  has  further  observed  that  on 

iuring  Kegnault's  values  of  the  heat  of  vaporization  of  sev- 

li(piids,  tliese  numbers  ilecrrase  as  the  molecular  weight  in- 

ios.       From   which,   of    fifteen    licpiids    whose   heat-<lata   are 

VII,  thirteen  fall  reatlily  into  live  groups  in  which  the  product 

if  heat  of  vaporization  into  llie  molecular  weight  is  approxi- 

.»ly  ronstant.     Thus  water  gives  5:U)*07X  18=0000*00;  while 

hoi  mves  2l4*3X-tt>=0S57-8.     Acetone  trives  7523*70,  chloro- 

\  T2S0-5  and  carbon  tetrachloride  7101.      Ethyl  oxide  07l  1*8, 

)on  disnlphide  0301*2   and   ethyl   clii«u'ide  or28*70.     Staniiie. 

•riJe   11730-4,   arsenous  chlori<le    12202*09   and  ethvl  acetate 

'2ir72.     rhos])horous  chlornle  s07(r5  and   ethyl  iodide  S938*8. 

.M.  JouB.  Sci.— Third  Series,  Vol.  XXVII,  No.  15U. — March,  1884. 
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The  remaining  two  are  amyl  alcohol,  which  gives  17054*64  and 
bromine,  TPOa*^.  These  do  not  seem  to  belong  to  any  of  the 
above  grou])R,  unless  tin*  hitter  be  |)laoe<l  in  that  containing  ace- 
tone.—  Her,  fieri,  Chem,  6V/*.,  xvi,  :<01 1,  Jan.,  1Hh4.         g.  f.  h. 

2.  (ht  the  nae  of  Nitmtje.n  ioiVnle  in  Phuturnctry, — In  exjieri- 
menting  with  nitroK<'n  ioilide,  prejiared  by  the  action  of  iodine 
upon  an  a<(U(>ous  solution  «»f  nnnnonia,  (ii  yahi>  has  observed  that 
this  sulistanre  is  innni'diati'ly  deeonipOMMi  in  sunlight,  nitrogen 
gas  being  t'volved  with  etlc'rvt'seeiu'i*.  The  minimum  action  takes 
place  in  the  violet,  the  niaxinium  in  the  blue.  In  the  red-orange  the 
action  is  sensibly  the  sanio  sis  in  whiti*  light,  and  in  tlie  yellow  it 
is  somewhat  snjK-rior  to  white.  The  n-sult.  ap|H?ars  not  to  be  an 
effect  of  heat,  since  it  is  the  same  when  the  containing  vessel  is 

I  immersed  in  water  ki'j)l  at  a  low  tenijuTiture,  or*  in  an  at  her- 
manons  solution.  When  plui'(.'<l  in  pure*  water,  and  exposed  to 
light,  the  nitrogen  i<Klide  decomposes  at  first  tvanquilly,  then  ex- 
plodes violently.  But  immcrsi'd  in  a  solution  of  ammonia  of  22* 
J^aunu',  it  deconijioses  ijuietly,  no  I'XjdoHon  taking  place,  the  ra- 
pidity l)ring  proportional  to  the  intensity  of  the  liglit.  This  sug- 
gested the  use  of  this  reaction  in  jdiotometry.  Hut  the  result 
may  be  obtained  more  sini])ly  by  acting  with  iodine  upon  am- 
monia at  'J2^  H.,  till'  nitrogen  evolved  in  a  given  time  being 
measuretl.  Nitrogen  iodide  is  produced  equally  in  the  light  and 
in  the  dark  ;  bi-ing  j)roduced  in  the  liglit  more  rapidly  than  it  is 
decomposed.  Oiu-half  the  io<line  forms  nitrogen  iodide  the  other 
lialf  ammonium  iodide ;  traces  of  ammonium  iodate  iK'ing  also 
]irodur('d.  For  phot<mic*tric  purj)osfs  the  nitrogen  set  free  may 
lu'  <*stimate(i  ritlier  by  weight  or  by  measure,  one  gram  of  pure 
iodine  being  einployi'<l  lor  '^5  to  :<Uc.c.  of  ammonia  at  22^  B.  Th« 
author  gives  the  name  ii<oi>/nn't  or  }fftoi<i»othn«.  to  the  unit  of 
luminous  intensity  rejuvsented  by  fourteen  thousandths  of  a  milli- 
gram of  nitrogen  evolve<l  ])er  hi>ur.  This  is  etpiivalent  to  I'Tcc: 
(containing  a([neous  vapor  and  ammonia)  at  15^  and  7()  cm.  in  the 
])hotometrie  huntte.  The  decomposition  of  the  nitrogen  iodide 
by  the  aetion  ot  light  is  given  thus:  (N1IJ)^=X1I J^+N  ;  ammo- 
niuni  di-iodide  and  iiitioi;en,  with  a  traee  o|  iodate,  being  the  sole 
products. — Jjull.  Svr.  i/uin.^  II,  xli,  12,  Jan.,  1884.  G.  r.  b. 

3.  (>n  the  J^rofh/rtiiui  of  JIyitro,vifhwtiHt  frofH  Nitric  adilr^ 
DivKKs  has  invest igali'd  the  re<lucing  action  of  various  inetali 
u]»on  nit  lie  acid,  and  linds  that  the  action  of  tin,  zinc,  cadmium, 
magnesium  and  almninnm  gives  rise  to  the  production  of  hy- 
droxylainine,  es|)eeially  in  presence  of  hydrocldoric  or  sulphnnc 
aci<l.  "^ihe  fiinetion  ot  the  second  aeid  is  to  ilecompo.se  the  nitrate 
as  last  a^  it  is  jnoduc  -d,  and  so  (1)  to  hold  the  hydroxylaminein 
a  more  siaMe  state,  (J)  to  ]neserve  it  from  the  destructive  action 
of  nitr(»iis  aei«l  bv  preventiiiiT  the  formation  of  this  acid  from  the 
reaction  of  the  metal  on  the  nitrate,  and  (3)  to  determine  the  re- 
duet  ion  of  the  nitrie  aeid  to  liydroxylamine  by  supplying  the 
hydrogen  for  reproducing  it.  .Metals  he  divides  into  two  cTas«e* 
according   to  their  action  on  nilric  acid.     In  the  first  class  ate 
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silver,  copper,  mercury  and  hismiith.  Those  metals  form  nit  rite, 
nitrute  and  water,  and  exert  no  further  action,  producing  neither 
ammonia  nor  hydroxylamine.  They  decompose  the  nitric  acid 
into  hydroxyl  and  nitrox^'l  combining  with  these  radicals  to  form 
hydrate  and  nitnte,  which  by  secondary  reactions  become  water, 
nitrous  acid  and  metal  nitrate.  They  therefore  separate  nitrogen 
from  oxygen  (hydroxyl)  in  decomposing  nitric  acid,  and  not  hy- 
drogen from  oxygen.  In  tlie  second  class  are  tin,  zinc,  cadmium, 
magnesium,  aluminum,  lead,  iron  and  the  alkali  metals.  These 
form  ammonia  and  generally  hydroxylamine,  but  do  not  produce 
nitrous  acid  or  nitrite  with  free  nitric  acid.  On  the  other  hand 
they  readily  form  nitrite  by  acting  on  their  own  nitrate.  Two 
actions  are  noted:  1st,  upon  seven  molecules  of  acid  separating 
as  hydroxylamine,  tlie  hydrogen  of  six  of  them  by  forming, 
nitrate  an<l  leavimc  the  seventl»  converte<l  to  water  ami  the  said 
hydroxylamine;  i-Nl,  the\  combine  with  hy<lroxylamine  to  form 
metal-ammonium  hydrate  which  decomposes  with  water  into 
metal-hvdrate  and  annnonia.  The  author  considers  that  nitrites 
have  a  constitution  indicated  by  the  name  'Miitronates,^'  the 
metal  Wing  directly  united  to  their  nitrogen.  The  radical  is  the 
same  as  that  existing  in  nitrates  —NO, — ,  these  being  its  metal- 
oxyl  compounds. — ^/[  Chan,  SoCy  xliii,  443,  Dec.,*18H3.     (i.  r.  n. 

4.  Oh  the  Oxidation  of  J^/iosphonts  at  low  teutptruiures. — It 
having  been  asserted  by  frying  that  phosphorous  oxide,  prepared 
by  passing  a  current  of  dry  air  over  melted  phosphorus,  is  decom- 
posed when  exposed  to  sunlight  into  amorphous  phosphorus  and 
phosphoric  oxide,  Cowper  and  Lewes  have  repeated  the  experi- 
ments with  a  view  to  verify  them.  Tiiey  obtained  a  perfectly 
while  deposit  in  the  farther  chambers  of  the  tube,  and  on  scaling 
off  two  of  these  and  exposing  one  to  the  light  while  the  other 
was  kept  in  darkness,  they  observed  that  the  former  became 
brown  in  a  few  hours,  while  the  latter  remained  while.  On  ex- 
amining the  white  mass  with  a  lens,  it  was  seen  to  be  tilled  with 
minute  crystals,  and  on  shaking  a  portion  into  tlie  air  it  at  once 
look  tire.  Another  portion  of  the  white  deposit  treated  with 
water  and  filtered  left  a  residue  of  phosphorus  on  the  filter  which 
took  firt?  on  drying.  On  analysis  the  white  deposit  ])roveil  to  be 
a  mixture  of  phosphorie  oxide  71*0,  phospln)n)Us  oxide  0-6  ami 
phos]>liorus  (by  dilVerenee)  19-3  per  eent.  The  .so-called  plios- 
phorous  oxide  of  Irving  is  therefore  essentially  phosjjlioric  oxide 
coDtaining  considerable  free  phosphorus. — ./.  HtKin,  Sor.^  xlv,  10, 
Jan.,  1884.  g.  f.  n. 

5.  On  th^  Const ituff on  of  /if'nzrue. — About  eighteen  years  ago 
Keki'le  suggested  the  hyjmthesis  that  all  aronialic  com])Ounds 
harl  as  a  nucleus  six  tetrad  carbon  atoms  united  in  a  closed 
ring.  The  marvelous  fruitfulness  of  this  hypothesis  has  well  nigh 
re-created  organic  chemistry.  In  ISTO,  Gruber  ]>roiluced  an  acid 
by  treating  protocatechnic  acrid  with  nitrous  arid,  whieh  he  called 
carboxytartronic  acid,  to  whieli  he  assigiieil  the  formula  Cflfi.^ 
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/COOH. 
4n-  OH— C — COOIL     IWtli,  the  following  year,  produced  it  froB 

XC  OOIL 
pyrooateclnii  by  siinihir  treatment,  and  maintained  tliat  its  foi 
uiation  proved  that  in  ben7A»ne  one  earhon  atom  mnst  exist  unite< 
to  three  others:  eontrary  to  tlie  hypotliesis  of  Kekule.  This  lat 
ier  I'lienUHt  has  now  made  an  elaborate  invesiiiratidu  of  tlj< 
s(M*alled  earbc»xytartronie  aei<l,  and  lias  succeeded,  1st,  in  pro 
dueini!;  from  it,  by  the  aetion  of  reducing  agents,  tartrnnie,  inac 
tive  tartaric  and  raeemic  acids;  and  2d,  in  preparing  it  from  tar 
taric  acid.  The  insohibh*  characteristic  sodium  carboxytar 
tronate  ]»repared  from  tarlari<*  acid,  is  identical  with  that  obtaine«J 
from  pynicatechin.  It  is  therefore  clear  that  earboxytartronic 
acid  cannot,  have  tlie  constitution  liitherto  ascribed  to  it,  and 
hence  is  wrongly  nanu-d.  It  should  not  be  called  carl)oxytar- 
tronic  acid  nor  oxymcthni  tricarbonic  acid  as  proposeil  by 
V.  Meyer;  fii*st  because  it  does  not  possess  the  constitution  ex- 
»resstMl  bv  these  names;  and  second,  because  these  names  should 
>c  reserved  for  their  j)n)pcr  acids.  Although  the  exact  formula 
is  uncertain  owintr  to  the  dif!i<*ultv  of  ol)tainini::  the  watef"  of 
crystallizatit>n,  yet  no  dinibt  exists  that  this  acid  stands  in  simple 
relation  to  tartjrric  a<'id  and  is  <iioxvtartaric  or  tetrr)xv succinic 
acid.  SincH*,  therefore,  it  contains  no  carbon  atom  united  to  thret? 
other  carbon  atoms,  its  formation  from  pyrocatecliin  is  no  argu- 
ment against  tlu'  benzene  ring.  Although  this  formation  can  be 
explained  by  cither  the  li(»xagonal  or  the  prismatic  formula,  the 
nntlior  brlievcs  that  it  is  more  easilv  exnlained  by  tlie  former 
than  by  the  latter. —  A/V/>/;/N  Ami,^  cei,  L»;{0,  Oct.,  1 88;i.      o.  F.  B. 

itft-fthrt'. — K.   I.oMMKi.  j>!aci'S  in  the  plane  of  the  <*ross  hairs  o 
an  onlinary  s])cctroscope  a  ])iece  of  micriiscopic  sli<le  glass,  on 
]M»rtion  (►f  which  is  <-()vcre(l  with  a  tliin  layer  of  JJalinain's  pain 
or  otlM-r  plio^phon's<ent  material.     In  certain  cases  the  phospji 
re^cent  substaiUM*  i<  co]itaine<l  in  a  very  tine  j»owder  between  tv 
such  slides.      It  is  found  that    the  )>licnomenon  can   be  ob^crv 
throuirh   this  laver  as  well  as  bv  observing:  it  on  the  side  wh 
rec<'iv«'.s  tlu'  light.     The  slit  of  the  spectroscoj)e  is  suitably  iin 
fuMl   :mh1   the  >olar  >pertnim   is  thrown  n])oii  the  jdiosphorcM 
slide  after  it    has  been  suhjecteil   to  davli^lit  or  to  anv  .sourr 
li'jfht.     The  ])heiH)nnMia   4les<ril)«'<l   by  II.  IJecipierel  <*an  tlitM 
readily  sindied.     Tin*  dark   l)Mn»ls  in   tlie  ultra   red   are  show 
be  t  rue  absorption    bands  dui'  to  the   j)liospl)4iresc<'nt   subsi: 
em))loyed.      r»y  ])a><iiej:  tin*  nd  rays  of  tlie  spectrum  throui: 
<dass   the   ultra    vrt\    poriion    is   mad**  visible   bv  a  irreenis' 
jdio-^phoresi-iMJl  li'^lit.      I»y  all'»\\  ir)'_'  ilie  speetrum  lo  fall  on  oi 
tion  of  the  ]ilio^pliort'>i('i)l   slidr  and   extinguishing  it  on  a 
]»ortion   one  can    study  the    liglil    hamls    and    the  dark  b;i 
]dios])horeseenee  togcllirr.      The   method    of   increasing    tl 
bilitv  '^f  the  ultra  red  is  closelv  analo'j:<uis  to  that  of  tlurn 
bv  means  of  which  the  ultra  violet  is  made  visible.     If  tl' 
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length  of  the  D  line  is  taken  as  0*589  mikron,  the  first  charac- 
teristic dark  band  in  the  phosphorescent  spectrum  lies  between 
0*042  and  0*861,  and  the  second  between  the  wave-lengths  0*804 
and  0*715.  A  greenish-bhie  phosphorescing  sulphide  of  calcium 
gives  a  more  vivid  spectrum  than  Balmain's  paint.  A  plate  cov- 
ered with  this  substance  and  kept  in  the  dark  for  four  days  will 
show  the  bright  phosphorescent  ultra  red  spectrum  in  a  beautiful 
manlier^  while  Balmain's  preparation  of  sulphide  of  calcium 
scarcely  shows  it  after  being  two  days  in  darkness.  Other 
preparations  of  sulphide  of  calcium  were  experiniente<l  with,  in- 
cluding a  sky-blue  preparation,  but  these  were  all  inferior  to  the 
greenish-blue  preparation.  It  was  found  that  the  phosphorescent 
light  is  stronger  during  the  action  of  the  exciting  rays  than  after- 
ward, and  the  distribution  is  also  dilferent  in  the  two  cases. — 
Ann.  der,  Physik  tnid  Chemle,  1 88;J,  No.  1'2*',  pp.  847-H60.      j.  T. 

7.  Earth  iJurrents. — In  reply  to  certain  criticisms  of  M.  Lar- 
roque,  M.  E.  E.  Blavikk,  who  is  engaged  in  studying  electrical 
effects  upon  a  line  between  Nancy  and  Paris,  says,  in  substance : 
The  potential  of  a  point  on  the  earth's  surface  is  modified  by 
many  accidental  circumstances,  such  as  the  discharge  of  a  storm 
cloud,  etc. ;  but  this  variation  is  infinitely  short  and  equilibrium 
is  soon  re-established,  and  the  slight  changes  gr\'e  no  trace  upon 
a  strip  of  photographic  paper  on  which  the  space  given  to  one 
honr  IS  only  0™*6l.     It  is  claimed  by  M.  Larroque  that  suflicient 
attention  has  not  been  paid  to  polarization  currents.     The  plates 
employed  were  masses  of  iron,  which  it  is  true  gave  a  contrary 
electromotive  force  of  about  ^  of  a  volt,  while  the  earth  currents 
observed  were  often  :^  to  ">  volts.     The  pohirization  is  sensibly  con- 
stant during  a  certain  portion  of  the  time  of  observation  and  can  be 
taken  into  account  in  cases  of  registration.     M.  Larnxpie  believes 
that  the  static  potential  of  the  earth  at  the  two  contacts  should 
betaken  into  account.     M.  Blavier  has  not  occupied  himself  with 
this  question.     In  reply  to  the  point   that  the  resistance  of  the 
earth  between  the  two  stations  varies  with  dittt»rent  conditions,  it 
is  replied  that  the  resistance  of  the  earth  around  an  earth-plate  in 
ordinary  telegraph  lines  when  communication  is  well  established, 
does  not   exceed    generally    40   ohms,    while    the   experimental 
line  adopted    by    iVI.  Blavier   had  a  resistance   of   10,000  ohms. 
M.  Larroque  l>elieves  that  uncovered  aerial  telegraphic  lines  are 
unsuitable  for  the  studv  of  earth  currents;  but  M.  Bhivier  finds 
no  difference  between  an  aerial  line  an<l  a  submarine  cable.     In 
reply  to  the  points  that  it  is  necessary  that  the  line  should   be 
formed  of  a  wire  of  small  resistance,  non-inagnetie,  well  insulated 
and  absolutelv  free  from  huniiditv,  M.  Blavier  states  that  it  is 
necessary  to  employ  a  circuit  of  higli  resistance,  that  the  mag- 
netic properties  of  the  iron  have  no  effect,  and  that  the  insulation 
of  an  ordinary  telegraphic  iron  iLriv^'s  the  same  residt  as  a  subma- 
rine cable.      It   was   found   that  the   battery  earth  of   the    teh'- 
jjrapliic  system  of   Paris  <lid  not  affect  the  results  appreciably, 
and  that  earth   currents  could   l)e  observed   on   short   lengths  ot 
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line.  The  curves  furnifthed  on  a  line  from  Paris  to  Chalons  wei 
comparod  with  those  given  by  a  line  from  Rue  de  Crenelle,  i 
Paris,  to  the  Porte  de  Fl  and  res,  and  wore  found  to  exhibit  tli 
same  variations,  with  only  slight  variations  due  to  the  lines  nc 
holding  exactly  the  same  direction. —  Comptes  JiendftSj  Dec.  3] 
1883,  pp.  1551-1553.  J.  T. 

8.  Jleat  hi  iron  due  to  2>eriodicaliy  changing  magvetic  fttre^ 
— The  heat  noticed  has  becMi  attributed  by  some  investigators  t 
the  movements  of  t)u*  magnetic  molecules,  and  hence  has  bet* 
cullod  heat  *>!'  magnetic  friction.     Otlier  investigators  think  tha 
this  heat  is  due  almost  entirely  to  electro-magnetic  induction  ii 
the  mass  of  iron.     E.  Warhuiki  and  L.  HOnki  have  taken  up  th 
subject  and  their  exjKM-iments  lead  them  to  believe  that  a  larg« 
])art  of  the  lioat  is  due  to  magnetic  friction.     The  magnetiziiu 
coil  and  the  entire  apparatus  were  placed  in  a  carefully  con struotei 
calorimeter  with  double  walls  filled  with  fine  |)iece8  of  ice.     Th( 
iron,  generally  in    the   shaj^e   of  a   bundle   of   iron    wires,  wai 
enclosed  in  the  bulb  of  what  was  practically  an  ether  thermotn 
eter.     The  leading  principle  of  the  method  adopted  was  to  heal 
the  iron  by  two  cyclic  processes.     In  the  first  cycle  the  magne- 
tizing  force  varied  from  0  to  4-A*;  in  the  second  cycle  from  —k 
to  -\-h,     k  was  IVO  times  the  horizontal  component  of  the  earth'i 
magnetism  in  Freiburg.     If  the  heat  ])roduced  depended  only  upon 
the  electrical  resistance  of  the  iron,  and  if  the  coercitive-force  of 
the  iron  was  zero  the  authors  maintain  that  the  heat  of  the  don- 
l>le  cycle  sliould  be  twice  that  of  the  single  cycle.     In  one  case, 
in  which  they  used   a  tliick  bar  of  iron,  this  was  so  ;  in  other 
cases  the  ratio  of  the  heat  produced  in  the  <louble  to  that  in  thf 
single  cycle,  was  greater  than  two.     The  authors  examined  thi 
sources  of  error  that  mi<;ht  arise  from  the  chanije  in  character  o 
the  tenjporary  and  j)ermanent  magnetism  due  to  cliange  in  dire 
tion    of  the    mairnetizin^    currents.      Tliev    also   examined  ho 
nnich   heat    was  due  to    the   application    of  Carnot's   princip 
jMiinted  out  by  Thomson,  namely,  tliat  a  production  or  absorpti 
of  heat  is  produce<l  according  as  the  magnetizing   function 
creases  or  increases  with  the  changing  temj>erature.     The  goiH 
conclusion  arrived   at  is  that  a  large  proj^ortion  of  the  lioat 
served,  nearly   7.^  per  cent,  is   due   to   magnetic  fricti<m. — .• 
ihr  P/ii/slk'nnd  ChrinU.  No.  Vl'\  1  SS:<,  pp.  S 14-835.  j. 

0.  Prinri/tfrA  nf'  Tht*ni't  f'nuil  C/nint f'/tfr*/^  trff/t  Sjfecfa/  rrft 
to  the  Coftstittfffim  of*  Cfieinionl  ComjtoNndH  ;    by    Ika    Rk' 
Professor  of  Clieniistrv  in  the  Johns  11ni)kins  I'niversitv.    S 
edition,  thoroui^flily  revise<l  and  enlarged.     8vo.,  pp.  xii,  2A'l. 
adelphia,  lHs:i.      Henry  ('.  Lea's  Son  iV:  C\). — This  excellen 
book  of    l*rof<'sM>r  IJeiii^en's    niav   fairlv  be  considered    a 
uttered    against    the   now    ]»reval«'nt    notion   that    the   seit 
C'liemistrv   lies   rhietlv    in    its   formulas.      Its  kev-note,  stt 
])age  100,  is  a^  follows:   '*  It  <annot  be  deni«'d  that  we  are 
a  period  of  (-heinisirv  wliieli  inav  fairlv  be  called  one  of 
tcorshtp.     Hy  weaker  nnn<ls  more  value  is  attached  to  a 
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than  to  that  which  it  is  intended  to  represent.     In  consequence 
of  this  truth,  it  has  happencMl   that  a  large  number  of  chemists 
have  regarded  the  determination  of  a  formula  for  a  compound  as 
the  i;freat  object   to  bo  accom])lisliod  and  forgotten  that  what  we 
ought  to  know  and   what  is  of  vastlv  ijreatt'r  importance  for  the 
FCionce   is   the  chemical  cM>nduct  of  the  compound."     Hence  the 
author  states  in  the  j^rofuce :  "  I  have  endeavored  to  discuss  in  an 
impartial  way,  as  ohji-etivt^ly  as  ])ossible,  the  princip.vl  hypotheses 
which  at  present  play  im[»ortant  ])arts  in  the  science  of  ehcmistry. 
As,  strictly  speakini!:,  we  have  no  theory  of  chemistry,  the  hypoth- 
eses are  more  or  less  disconnected;    and  as  there  is   no  general 
theory  to  keep  them  in  check,  some  of  them  have  assumed  a  vari- 
ety of  forms."     What,  ^)reciscly,  is  meant  hy  the  term  *' constitu- 
tion "  on  the  title   page,  he  tells  us  on  page2;^2:    "A  st  inly  of 
tlie  preceding  <!liapters  on  constitution  will  show  that  no  absolute 
meaning  is  to  be  attached  to  the  word.     Constitutional  formulas 
are  those  which  sugi^est   certain  reactions  and   recall   analogies. 
The  formula  ClI^ — Oil  does  not  mean  that  hydroxyl  (OH)  is  nec- 
€fisarily  present  in  the  compound  or  that  (-II^  is  present,  but  that 
the  dinerent   parts  of  the  com[)ounil   bear  such  relations  to  each 
other  that   when  the  compound  is  <lecomposed  it  acts  as  if  the 
parts  were  united  as 'the  formula  indicates.     The  formula  suggests 
possibilities;  it  may  not  represent  realities."     The  book  is  there- 
fore a  valuable  contribution  to  the  chemical  literature  of  instruc- 
tion;  and   particularly  at   thi**   lime  when  s«)  strong  a  tendency 
exists  to  «)ver-value  chemical  hypotheses  and  under-value  chemi- 
cal reactions.     That  ,in  so  few   years  a   second   edition  has  been 
called  for  indicates  that   manv  chemic.il  teaciiers  have  been  found 
reaily  to  endorse  its  ))lan  and  to  ailopt  its  methods.     In  this  edi- 
tion a  considerable  proporti(»n  «»f  the  book   has   been  rewritten, 
much  new  matter  has  ln'cn  added  and  the  whole  has  been  brought 
up  to  (late.      We  observe,  however,  that  the  somewhat  cumbrous 
tenns  *'hvdroxide"   and    "anhydride"    have   been    retained,   in 
place  of  the  simpler  ones  **  hydrate"  and   ''oxide,"  which  seem 
mon;  in   harinoiiv   with   chemical   noin«*nclature   iri'Ucrallv.      We 
earnestlv   commend   this    book    to  everv   student   of    chemistry. 
Tlie  high    n^putation    of   it'^   antlior   assures   it-*   accura<ry   in   all 
matters  of   fact.     Ami  its  in«licious  <Mm<crvalism   in  matters  of 
theorv  combined   with   the  fulhu-ss    witii  which,   in  a  small    com- 
pa'iji,  the  present   attitude  «»t*  (-lieinical  science  lovvanl   the  consti- 
tution of  \\<  comj)onnils  is  considenil,  giv«*s  it  a  value  much  be- 
yoinl  that  acconled  to  the  average  text  books  of  the  day. 

II.   Geology  and  XATrRAT.  IIistoky. 

1.  Ilnman  fi>nt  prints  n)i  sti/nhftme  nfir  Manatj^m,  in  Xicar- 
ogna ;  by  Gkorgh:  H.  Johnson,  Professor  of  Mathematics  and 
Engineering  at  Leon,  Nicaragua.  (From  a  letter  dated  Collet^eof 
Lwn,  Leon,  Nicaragua,  Central  Am.,  Nov.  5,  lMy;5,  to  Professor 
George  H.  Cook,  of  New  Brunswick,  N.  J.,  and  communicated 
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by  t1)c  latter.) — Before  coming  to  Leon  we  reniaincd  six  weeks 
in  Maiiaqiia  studying  tb.e  language.     While  there  I  learned  that 
foot-prints  had  been  found  on  a  sandstone  at  a  quarry  in  the 
vicinity,  and  took  the  fii-st  opportunity  for  visiting  the  quarry. 
The  quarry  is  situated  southwest  of  the  School  of  Arts  and  about 
a  quarter  of  a  mile  west  of  the  Phizti,     Around  the  quarry  were 
manv  blocks  of  sandstone  about  one  cubic  foot  in  size  ;  these  hod 
just  been  excavated  and  quite  a  number  of  them  contained  tracks 
which    were   undoubtedly  human   foot-prints.     They  looked  ex- 
actly like  the  impressions  of  bare  feet  which  may  be  seen  at  any 
time  on  the  sandy  beach  of  Lake  Manaqua,  which  is  only  a  few 
rods  from  the  quarry.     The  bottom  of  tlie  foot-print  was  gener- 
ally about  two- thirds  of  an  inch  Vielow  the  even  surface  of  the 
stone,  and  some  of  the  imj>res8ions  were  quite  distinct,  showing 
the  form  of  each  toe.     Most  of  the  tracks  were  large  enough  for 
a  man,  but  some  of  them  were  evidently  made  by  a  child.    I 
found  by  in()uiry  that  when  the  stnitum  of  sandstone  was  exposed 
tliree  parallel  seri<»s  of  tracks  were  seen,  all  of  them  dii-ected  from 
the  east  toward  the  west.     I  examined  the  strata  overlying  the 
sandstone  cnntaining  the  tracks,  and  the  vertical  section  (from 
the  surface  downward),  as  shown-  at  the  quar/y  is  as  follows: 

Unsolidilied  volcanic  conglomerate,  i\  layers,  i^  feet. 

Stratified  sandstone,  2  layers,  2  feet. 

(Ireenisli-brown  clay,  11  inches. 

Sand,  \h  feet. 

Yellowish-brown  clay,  14  inches. 

Brown  clav,  0  inches. 

Sandstone,  .M  lav<*rs,  2':<  feet. 

All  the  beds  are  approximately  horizontal  and  of  nearly  uni- 
forni  thickness.  It  will  be  seen  Irom  the  section  that  the  track* 
are  foun<l  alK)Ut  twelve  feet  below  the  surface.  Some  of  the  over- 
lying beds  contain  nmnerous  arrow-heads  and  other  relics  wliich 
are  quite  unknown  among  the  Spanish-speaking  Indians  who  now 
constitute  the  mass  of  the  population. 

All  the  Wi'Stern  part  of  Niearacjjua  is  highly  volcanic  and  prob- 
ably had  its  origin  during  the  Quaternary  )»eriod.  There  is  some 
reason  for  supposing  that  Lake  Manaipia,  as  well  as  the  lake  of 
MasavM,  was  formed  bv  the  sinkiiiGT  of  a  i^reat  volcano. 

'J'lu*  beds  overlyinix  the  tracks  are  undoubtedly  either  directly 
or  indirectly  of  volcanic  origin.  That  is,  the  beds  may  be  com- 
poscil  of  volcanic  matter  originally  de]>osited  in  its  present  loca- 
tion and  then  ])arlly  s<»Iidiiie(l  by  pressure,  or  the  matter  miiy  be 
disintegrated  lava,  etc.,  wliich  was  deposited  in  water.  The  lat- 
ter hypotlM'sis  is  sn]»))ortt*d  by  the  fact  that  that  part  of  tlie 
country  has  sonietinies  been  inundated  by  great  floods  during  the 
rainv  season. 

li.    On  the  nhffirr  of/ffi  nf  t'trt'ilit    Ilirt r-rutihifH  in    Liuenln- 
uhln  ;    by  A.   .1.   ,Ii  kks-Ukownk.       ((^nart.   Journ.    Geol.   Si>c., 
xxxix,  4,  l.SH:i,  TiiM}.) — The  author  sustains  the  general  theor\  «»<[ 
Jukes,  that  in  a  re<;ion  of  |>arallel  e.'^carpnients  the  drainage  \\\W' 
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d  consequent)  comprises  (1)  cross-streams  in  the  direction  of 
(and  implied  slope),  which  are  the  older,  and  (2)  longitndinal 
•utaries  parallel  with  the  escarpments  and  strike,  which  are 
newer;    but   he  assails  the  unessential   though  indubitable 
illory  that  no  longitudinal  tributary  can  ever  intercept  and 
)q>orate  the  lowest  of  the  pre-existent  cross-streams.     Assum- 
a  dip  and  slope  not  orthogonal  to  the  escarpments — a  condi- 
I   incompatible  with  Jukes's  theory  in  its  simplest  form — he 
ues   (and  demonstrates,  from  an  ill-considered  example   ad- 
ed  by  Jukes),  that  the  longitudinal  stream  flowing  into  the 
may  so  extend  its  course  as  to  interrupt  and  absorb  a  number 
*r  cross-streams.      Additional  examples  are   described  origi- 
ly,  and  discussed  at  length.  w.  j.  m. 

.  K.  J.  V.  Steenstrup  on  tJie  Glacier  and  Glacier-ice  of 
rth  Greenland.  84  pp.  8vo,  with  7  ])lat.es  and  a  colored  geo- 
ical  map. — This  memoir  relates  to  the  West  Greenland  rcigion, 
ween  the  parallels  of  09**  (near  Jakobshavn)  and  72®  30'  N., 
ich  includes  the  island  of  Disko.  The  fine  map  shows  the 
its  of  the  inland  or  interior  ice  ;  the  limits  of  the  many  glacier- 
?ams  that  descend  from  the  interior  ice  into  the  heaas  of  the 
g  fiords  ;  other  smaller  glaciers  descending  from  the  high  land 
bin  the  coast  region ;  the  position  of  the  Carboniferous  beds 
ng  the  northern  and  western  coasts  of  Disko,  on  the  {)enin8ula 
Nugsuaks  next  north,  and  on  Upernavik  and  <it  other  points 
ther  north  ;  the  ciistribution  of  the  trap,  the  chief  surfsice  rock 
l>arently  of  Disko  and  other  coast  islands  and  peninsulas ;  the 
alities  about  Disko,  and  the  iieninsula  north  of  it  and  else- 
lere,  of  the  nickel iferous  (or  meteorite-like)  iron,  part  of  the 
m  in  place  ;  and  other  points  of  interest.  The  plates  are  photo- 
pes  an<l  highly  instructive. 

4.  MaltsUi.  auct.  Odvakdo  BKrCARi. — The  three  earlier  parts 
this  fine  work  were  published  in  the  years  1877-8,  and  were 
Iv  noticed  in  this  Journal.  The  indefatiijrable  author  has  now 
ii  us  the  fourth  part,  which  completes  the  first  volume, .a  quarto 
304  pages,  and  with  28  excellent  lithographic  plates.  The  work 
devoted,  as  we  know,  to  the  publication  of  the  author's  own 
taiiical  e<»lIections,  observations  and  discoveries  upon  the  ])lants 
Iiulo-Malesia  and  Papua,  <hiring  his  travels  in  those  regions  in 

e  years  18G5-187G.  In  the  part  now  issued  Dr.  Engler  of  Kiel 
9  elaborated  and  illustrated  the  Ararea\  a.  <;, 

5.  T7iOUf//tts  ttpon  Jiotff/tiral  TaxoNoniy,  Pan  sees  sur  la  Tuxr 
oiiiie  BotftniquH  ;  par  T.  Cauukl. — A  iniMiioir  by  the  most 
complishtMl  systematist  in  j)hjen<>!^aMious  botany  in  Italy,  now 
olopsor  ill  Florence,  prfsente<l  to  the  Lineean  Aea«hMny  in  18^1, 
iblished  the  following  year  in  its  Sclent itie  'I'ransaetions,  in 
uliiui,  now  re-oditc'd  by  the  author,  in  French,  and  ])ublisliod 
iiriiig  the  past  year  in  Kngler's  i>otanisclie  Jahrbiu^iu'r,  the  lir^t 
orlion  in  the  fourth,  the  remainder  in  the  iil'th  volume.  The 
eparate  issue  fills  a  little  more  than  a  hundre<l  octavo  paufes  It 
J  a  treatise  upon  the  elassiiieation  o^  plants ;  which  the  author 
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'M'oll  insiBtR  should  rem.iin  upon  a  morphological  hasiB,  without 
mixture  of  other  considenitioiiK.  And  his  strenjjjth  is  mainly  de- 
voted to  a  natural  arrangement  of  the  families  (orders  of  Jussieu) 
under  more?  comprehensive  onlers,  coliorts  and  olasBeB,  etc.  Of 
course  he  bei^infi  the  series  of  Phaneroijanue,  class  Angiosperms 
with  the  Monocotyledones.  We  should  all  do  that  now,  if  we 
ha<l  to  1)e<xin  anew,  and  if  we  keep  (Tyn)noK{Minnie  as  a  class,  so 
as  to  give  the  latter  its  proper  ])osition  between  the  higher  Cryp- 
togams and  the  Anyiospennous  Dicotyledones.  Of  course,  afso, 
the  artificial  <iivisions  of  Pol}fpetala\  Gainopetaltv  aii<l  Ap^talcti 
are  thrown  aside.  M.  Carurl  replaces  them  with  his  cohorts 
Dichlainydantha',  .Monochlainvdantlne  and  Diniorphanlhn*.  The 
first  includes  (TaniO|)eta]ous  and  Polypeialous  ordi-rs  generally; 
hut  the  second  has  all  the  Candollean  orders  fntm  Kanunculaces 
to  Fumariacea»,  tin*  C^i(?tacea%  P<M*tulaccacea\  Rhamnaceo;,  etc., 
etc. ;  the  third  has  IJegoniicea',  Kuphorhiae<'a%  Urticaceje,  etc.,  as 
well  as  the  Amentaceous  orders.  A  class,  Anthospermo',  of 
e(iuivalent  weight  to  Angios])erma^  and  Gymnospermie,  is  inte^ 
posed  )»etween  tlieni,  an<l  consists  only  of  the  order  Spermiflnrs 
(Ijoranthacea^  an<l  Viseacea*).  We  need  not  present  the  new 
arrangement  of  what  nscd  to  1k»  called  Cryptogamia.  Looking 
only  at  the  Phaneroi^anne,  our  only  remark  need  be  that  such 
essays  are  lull  of  interest,  perha[)s  of  future  promise;  but  that 
none  of  the  recent  schemes  are  in  condition  to  replace  the  Ju8- 
siiean  and  C'andollian  arrangements  with  all  their  imperfections. 

A.  G. 

(5.  Ni'crolngia  liittayiira. — The  animal  record  wliich  was  pub- 
lished in  this  .lonrnal  for  many  years  has  not  apj^eared  for  the 
last  three  years;  yet  some  biographical  nolitres  of  deceased  bot- 
anists have  I'enerallv  been  jxiven.  From  the  ranks  of  American 
botanists  the  losses  whi<*h  we  particularly  recall  to  mind  are  the 
following.  In  the  year  18S():  Cok  F.  At'sriN',  who  died  onthe 
IHth  of  March,  at  the  early  age  of  4S.  Ciiarlks  C  F host,  an 
exeellent  ('ry])togMinist,  "iliecl  at  Hrattleboro,  Vermont.  March  IG', 
at  the  age  of  7.").  John  Cakkv,  whose  active  botanical  career 
wa>  in  this  eonntry,  in  which  the  middle  years  of  his  long  life 
weif  )>assi'<l,  died  on  the  *2«$lh  of  March,  in  his  83d  year.  Dr. 
S.vMrKi.  1).  Mkad,  of  Augusta,  Illinois,  died  November  11,  at » 
good  old  age.  In  the  year  ISHI.  Jannary  -t,  died  Professor 
Aj.nioNso  Wood  in  the  71st  year  of  his  a<!:e.  In  1882,  Thomas 
PoiTs  Jamks,  one  of  our  \^i}\\  adepts  in  Bryology,  died  Foh.  22, 
in  tlu'  7lMh  yi*:ir  of  his  age,  leaving  tlu'  venerabh^  L(»S(juercux  lo 
coni])U'te  till'  Manual  of  Mossi-s  upon  which  these  tWM»  veterans 
wcrr  engagrd.  Kmim  Hall,  one  of  th(»  best  explorers  of  Colo- 
rado and  of  Oregon  bniany,  <lied  Scptrnibor  24,  at  the  age  of  »iO. 
Happily  w(^  have  no  nanu"  to  a<ld  to  this  list  for  the  year  I8S3. 

In  the  Old  World  tlu*  full  (»bituary  record  for  the  vi-ar  1880 
"WomM  be  a  long  onr.  It  would  eonnnenee  with  the  nanu*  of  the 
vriH'rable  J.  S.  Tommamni  of  Trii'sii*,  who  died  upon  the  last 
-•.lav  of  the  vear  preeLMlinir.     It  includes  the  name  of  the  distin- 
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fished  Agrostologist,  General  William  M unro,  who  died  Jan. 
29,  at  the  age  of  64 ;  also  of  the  two  eminent  Bryolo«]fist8  W. 
P.  ScHiMPEit,  March  20,  rot.  72,  and  of  Ernest  IIampk,  Nov.  23, 
«t.  85 ;  of  N.  J.  Andkrsox  of  Stockholm,  who  !iad  been  infirm 
for  several  vears,  but  survived  until  March  20 ;  and  of  Robert 
FoBTUXE,  wlio  died  April  13,  at  the  age  of  68. 

In  the  year  1881,  died  Ludwig  Rabknuorst,  the  Cryptogam- 
ist,  April '24,  at  the  age  of  76;  .Matthias  Jacob  Sohleidkn,  a 
foremost  name  forty  years  ago,  but  whose  botanical  career  was 
brief,  althongh  ho  lived  till  June  23,  and  reached  the  age  of  77 
years;  Michakl  Pakenham  Ei)aK\voRTii,  a  brother  of  Maria 
fclgeworth,  and  an  adept  in  East  Indian  botany,  July  30,  aBt.  69 ; 
Hewett  Cottrell  Watsox,  who  so  sedulously  investigated  the 
particular  distribution  of  plants  in  Europe,  July  27,  aM.  77;  Paul 
Guxther  Lorentz,  who  was  professor  of  botany  at  Cordoba,  in 
the  Argentine  Republic,  but  who  died  at  Concepcion  in  Uruguay, 
Oct.  6,  jet.  52  ;  and  Otto  Wiliielm  Soxdeij  of  Hamburgh,  who 
4ied  November  21,  let.  70. 

In  the  year  1882  we  lost  Joseph  Decaisne,  February  R,  at  the 
ige  of  75  ;  Georhe  H.  K.  Tiiwaites,  who  died  at  l^eradeniya, 
(^ylou,  September  11,  rot.  71;  and  here  we  may  also  add  the 
name  of  Charles  Darwin,  who  died  April  19,  let.  73. 

So  far  as  we  are  now  informed  only  three  distinguished  bot- 
tiiisls  have  dicMl  during  the  year  1883,  namely: 

ViNCENZO  Cesati,  Until  recently  professor  of  Botany  in  the 
university,  and  director  of  the  Botanic  Garden  at  Naples,  died 
there,  February  13,  1H83,  in  the  77th  year  of  his  age.  lie  was 
bom  at  Milan,  of  a  noble  Lombard  family  ;  and  there  most  of 
his  botanical  work  was  done,  all  of  a  respectable  but  none  of  a 
Tery  high  order. 

Hermann  Mueller  of  Lippstadt,  Botanist  and  Entomologist, 
the  renowned  investi<j:ator  of  the  mutual  relations  of  insects  and 
flowers,  as  concerns  the  fertilization  of  the  latter,  and  the  adap- 
tive modifications  of  the  one  to  the  other, — died  on  the  25th  of 
August  last,  in  the  54th  year  of  his  age.  A  brief  notice  of  him 
iml  of  his  latest  and  most  notable  work  was  given  in  the  October 
number  of  this  Journal,  p.  324 ;  and  n  fuller  memorial  was  pul>- 
lished  in  Science,  for  Oct.  12,  1883. 

Oswald  Heer,  the  most  distinguished  ))aleontologiciil  botanist 

of  our  time,  professor  of  botany  in  the  University  of  Zurich,  died, 

tl  Lausanne,  September  27,  at  the  age  of  74.     An  appreciative 

bioirraphical  notice  a])poared  in  Science,  for  November  2,  and  one 

'    may  be  expected  in  this  Journal. 

At  home  we  have  sustained  a  loss  in  the  death  of  Charles  F. 
Parkek,  of  Philadelphia,  late  curator  ol  the  Herbarium  of  the 
Acuilemy  of  Natural  Sciences,  Philadelphia,  an  excellent  local 
Ix^tanist,  a  kindly  ami  most  estimable  man.  lie  (lie<l  Sej)t ember 
7,  at  the  age  of  63.  A  just  tribute  to  his  memory  was  C'.uitrib- 
uted  hv  his  associate,  Mr.  Martindale,  to  the  Pnureedinj's  of  the 
Academy  of  Natural  Sciences,  1883,  pp.  2r)0-2t)5.  a.  g. 


244  Sotentifi^  InteUitfence. 

7.  Dr.  George  En(«^lmann. — ^JuRt  as  these  pages  were  goinjf 
to  the  prcps  we  are  grieved  to  leani  that  our  olaest  associate  and 
friend,  the  most  veiierahle  and  eminent  of  our  botanists,  who  had 
attained  his  75th  birtliday  on  the  second  of  February,  died  on 
the  eleventh,  at  his  lioine  in  St.  Louis,  after  a  shoil  illness.  Al- 
though his  health  became  seriously  impaired  a  year  or  two  ago, 
vet  it  was  of  late  so  far  restored  that  he  was  able  to  continue  bis 
botanical  work  with  zeal  aud  hopefulness,  and  the  very  last  num- 
ber oi*  this  Journal  contained  a  notice  of  a  recent  publication 
which  gave  evidence  of  this.  It  must  be  left  to  a  future  number 
to  place  upon  record  some  account  of  his  life  aud  of  his  many 
and  important  contributions  to  science.  a.  g. 

J II.     ASTKONOMY   AND    MaTUEMATICS. 

1.  Douhh  tStfir  ohaervathms  made  in  1879  and  ISSO  with  the 
\f<\'inchrefr<tctor  of  the  Dearhorth  Observatory  y  Chicago;  byS. 
W.  BruMiAM. — This  reprint  from  the  memoirs  of  the  Roy.  Aslr. 
Soc.  contains  Mr.  Burnliam's  thirteenth  catalogue  of  new  double 
stai's,  and  measures  of  770  others. 

Tlie  several  catalogues  of  Burnham's  new  stars  now  contain 
1013  numbers.  In  the  appendix  to  this  memoir  the  author  gives 
the  number  of  pairs  of  double  stars  in  class  I  (distance  0"'0  to 
r''0),  and  in  class  II  (<listance  l''*0  to  2"-0),  occurring  in  the 
principal  original  double  star  catalogues. 
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Hence,  \w  concludes  that  the  known  pairs  having  a  distance 
under  'l"  arc  less  than  14(K).  The  princi])al  interest  will  iu  the 
fntun^  he  believes  belong  to  these  close  pairs.  Double  stare 
below  the  nth  niajrnitude  and  havini^  a  <listance  exeeedinjj  5"  will 
rarely  ]>rove  of  much  interest. 

The  Milkv  NVav  has  furnished  to  Mr.  Burnham  a  larger  nura- 
]»er  of  new  doubles  than  the  same  area  elsewhere.  In  magnitude 
of  leading  component  the  thousand  stars  are  distributed  as 
follows : 
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Vartirnlar  attention  is  ealle<l  by  Mr.  Burnham  to  the  close 
couple  O  2!  ;");;.'),  (^y  K(juulei).  The  two  close  components  of  this 
trijih'  star  are  so  nearly  e<iual  in  inagnituile*that  several  of  the 
early  measurements  may  he  assumed  to  be  IHO*  in  error,  and  ujitia 
these  suppo>itions  Mr.  l>urnhani  assumes  that  it  has  an  orbit 
who>e  j)enod  is  10b  years.  The  distance  is  never  more  than 
n'-40. 
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Vc  Would  remark  tbat  the  observations  of  Mr.  BurDham  in 

0,  1881  and  1882,  together  with  nearly  all  the  previous  meaa- 
ments  of  Struve  and  others,  (correctea,  if  necessary,  by  180**) 

be  satisfied  by  an  apparent  orbit  of  ll'G  years,  the  principal 
•  central,  the  semimajor  axis  O^'SH,  and  semiminor  0'*10. 
J  couple  in    1883  was  very  close.     The  measures  then  taken 

not,  however,  satisfied  very  well  by  this  orbit.     They  indi- 
e  very  clearly  a  rajnd  rotation. 
This  binary  being  visible  to  thenakftd  eye  and  having  probably 

shortest  period  now  known,  will  be  watched  hereafter  with 
cial  interest.  ii.  a.  n. 

.  A  TVeatfse  on  l^'ojections;  by  Thomas  Craig.  4to.  Wash- 
ton,    iJ^yj. — This   treatise  was   prepared   and   published    by 

U.  S.  Coast  and  Geodetic  Survey,  primarily  for  its  own  use. 
the  several  volumes  of  reports  of  the  survey  are  very  valuable 
)ers  on  projections  by  Hunt,  Schott,  S.  C.  Peirce  and  others, 

larger  portion  of  them  having  some  reference  to  the  Poly- 
lic  projection.  The  present  treatise  is  wider  in  scope,  and 
ats  of  the  whole  subject  of  map  projections.  It  consists  of 
3  separate  ])ortionH,  the  first  and  larger  one  being  devoted  to 
'  ^lathematical  Theory  of  Projections,  and  the  second  to  the 
Dstruction  of  Projections. 

The  first  section  in  the  first  part  is  given  to  the  various  kinds 
perspective  projections  of  a  spherical  surface  on  a  plana 
en  follow  two  sections  on  orthomorphic  projections,  or  those 
which  figures  on  any  one  surface  are  rej)resented  upon  any 
ler  surface  in  such  maimer  that  small  parts  in  the  one  figure 
ill  be  similar  to  the  corresponding  jjarts  in  the  other.  The 
irth  section  treats  of  projection  by  development,  or,  in  effect, 
'  H'presentation  in  small  portions  of  a  spherical  surface  upon 
igent  cones  or  cylinders,  which  are  then  developed.  Two 
aptei-s  follow  upon  Zenithal  and  Equivalent  Projections,  and 
}n  three  on  the  general  Mathematical  theory  of  the  Orthomor- 
ic,  the  Equivalent  and  the  Development  projections. 
The  second  part  is  independent  of  the  first,  and  is  intended  for 
actlcal  use.  It  gives  the  methods  of  construction  of  the  several 
ojections,  and  is  followed  by  thirty-one  tables.  ii.  a.  n. 

IV.    illSCELLAXEOrS    SCIENTIFIC    INTELLIGENCE. 

1.  DiMributioti  of  the  Matjuefit*  DtcUnation  hi  the.  ZTnited 
iiti^i  at  the  Upoeh  Janunry^  1885,  with  three  isogenic  charts  and 
e  plate,  i^tt^itlar  Vfirhition  of  the  Mmjueth*  IMfUnatton  in  the 
tifff/  AStattM  a)i(J  at  tfofne  forehpi  Htatinns.  (Kil'tli  edition.) 
ilh  four  platen. — The  above  are  titles  of  two  im])ortant 
moirs  by  Mr.  Ciiaules  A.  Schott,  publishe<l  (as-  stated  on 
79  of  this   volume),  as  ap])eiHlices  to  the  re|>ort  for  1882  of 

U.  S.  Coast  and  Geodetic  Survey,  J.  E.  Hilganl,  Superin- 
dent.  The  last  published  i<iogonic  chart  for  the  United 
tes,  by  J.  E.  Hilgard,  was  prepared  for  the  epoch  of  1875 


246  Miscelhtneovs  InteUigetice. 

• 

(it  was  reproduced  in  this  Journal,  vol.  six,  p.  173)',  The 
present  chart  is  on  a  larger  scale  than  the  former,  and  being 
based  upon  a  greater  number  of  observations  it  differs  from 
earlier  charts  in  showing  the  local  disturbances  in  the  direc- 
tion of  the  magnetic  needle ;  in  the  case  of  the  New  England 
States  and  Missouri,  for  example,  the  minor  irregularities  iii  the 
distribution  of  the  niagnetism  arc  given  with  consiilerabk!  ac^ 
curacy.  The  accompanying  memoir  gives  a  table,  extending 
over  upwards  of  forty  pages,  of  magnetic  declinations  reduced  to 
the  epoch  of  January  1,  1885. 

The  memoir  upon  the  secular  variation  of  the  magnetic  declina- 
tion, chiefly  in  the  United  States,  the  preceding  4th  edition  of 
which  was  published  in  June,  1881,  gives  a  most  valuable  and  in- 
terestiiiij  summary  of  the  facts  relatinc:  to  the  secular  variation  of 
the  magnetic  needle  in  this  country,  together  with  the  enumera- 
tion of  the  long  series  of  observations  upon  which  the  results  are 
based.     A  s]»ecial  plate  shows  the  position  of  the  region  in  nortb- 
eastern   Maine  and   beyiuid,   where  the  needle    has  reached  its 
western  elongation  and  become  stationary ;  and  also  of  that  in 
the  west,  across  Idaho,  Nevada  and  Arizona,  where  the  needle  is 
also  stationary,  having  reached  its  eastern  elongation.     The  pro- 
gressive ni(>ti(»n  of  the  secular  change  from  east  to  west  may  be 
compared  to  a  wave  motion,  and  these  two  regions  named  areiu 
opposition  with  respect  to  the  phases  of  the  phenomenon,  the  one 
corresponding  to  a  crest,  the  otiier  a  trough,  and  the  space  be- 
tween  them   re]»resenting   half  a    wave-length.      Another  plate 
exhibits  the  more  or  less  exactly  known  positions  of  the  agonic 
line  of  the   North   Atlantic   for"the  epochs   of  1500,  1600,1700, 
1800,  1880  and  1000,  and  it  is  shown  that  the  azimnthal  motion 
of  the  isogonie  system  in  the  vicinity  of  this  agonic  line,  as  repre- 
sented  by  this  line,  has  been   since  I  GOO  in  the  direction  of  the 
hands  of  a  watch. 

ii.  Jftt/ts  f.sitiK'd  htf  (he  Northern  7Wifis- Continental  Survey^ 
IkAiMi.vKi.  rrMi'KiJ.Y,  Director. — The  Northern  Trans-Continental 
Survey,  organized  in  1881  in  the  interest  of  tlie  principal  railroads 
of  the  Northwi'stern  Territories,  has  recently  issued  Map  BuUetm 
No.  1,  prej)ared  by  the  To]»ographical  Department,  A.  D.  Wimoir 
Chief  Topr)^raj)lier,  associated  with  1{.  W.  Goode  and  Louis 
Nell.  It  incluiles  the  following  maps  :  Yakima  Kegion,  W.  T.,  in 
two  sheets;  Colville  Region,  \V.  T. ;  Judith  J^asin,  Montana, 
in  two  slu'cts;  Crazy  Mountains,  Montana.  The  maps  have  been 
excelic-ntly  fxecnted  by  Julius  Bien,  of  New  York. 

oniTi;AUY. 
Aknoi.i)  IIkmiv  (iiYoT. — Professor  Guyot,  for  many  years 
occupying  the  chair  of  (icoiogy  and  Diysical  Geography  in  tbe 
College  of  New  Jersey,  at  Princeton,  died  on  the  8th  of  February, 
in  his  77th  year.  He  was  born  near  Neuchatel,  Switzerland,  in 
1807;  stu<lied  at  the  universities  of  Stuttgart,  Carlsruhe  and 
Berlin,  a<lding  to  theology,  at  the  latter  place,  physical  geogrft 
phy  under  Karl  Jiitter,  and  geology  under  lloitmann  ;  and  ended 


Miscellaneous  Intellujence.  247 

18  preparation  for  work  by  studies  from  1835  to  1830  at  Paris. 
1  1839  he  was  called  to  the  Professorsliip  of  History  and  Phys- 
tal  Geography  at  Neuehatcl,  where  Agassiz,  his  early  compan- 
>n,  and  but  four  niontlis  his  sonior,  had  occupied,  since  1832,  the 
bair  of  Natural  History. 

Professor  Guyot  held  this  position  at  Neuchatel  for  ten  years, 
nd  in  the  interval  he  spent  much  of  his  time  in  carrying  on  in- 
estigations,  previously  begun,  in  the  physics  and  structure  of 
le  Al]>s,  and  the  phenomena  of  glaciers.  He  made  out  the  lawa 
F  motion  in  the  glacier,  and  diverged  from  Agassiz  in  the  con- 
lusion  which  he  reached  as  to  the  movement,  attributing  it  to 
molecular  displacement  mainly  under  the  action  of  gravity." 
[e  was  the  first  to  discover  (in  1838),  the  laminated  character  of 
le  glacier  ice.  He  made  a  special  study  of  the  bowlders  that  are 
pread  over  Switzerland  between  the  Alps  and  the  Juras,  and  dis- 
overed  that  those  of  different  kinds  of  rocks  were  largely  in  lines 
wading  up  to  different  Alpine  ])eaks  from  which  they  were  sent  off, 
nd,  after  laborious  explorations  and  comparisons  involving  over 
000  barometric  determinations  of  altitude,  proved  that  the  order 
f  succession  in  the  lines  over  the  plains  and  on  the  Juras  and 
ther  distant  heights,  corresponded  with  the  geographical  posi- 
ions  of  the  peaks.  He  thus  determined  tlie  height  or  the  Alpine 
ources  and  the  limits  of  the  drift  over  a  region  300  miles  long 
ind  200  wide,  and  demonstrated  the  morainic  diameter  of  the 
erratic  material,  and  the  identity  between  the  laws  of  existing  gla- 
:ieTB  and  those  of  the  former  great  ice-mass  that  had  covered  all 
Switzerland.  The  specimens  collected  from  all  the  lines  of  stones 
lo  the  mountain  tops  are  now  arranged  geographically  in  the 
Princeton  Museum,  which  contains  also  the  other  gifts  from  him, 
its  Curator,  and  evidence  of  his  care  everywhere,  and  which  has 
recently  been  named  the  Guyot  Museum. 

The  ^^'Systhne  Glacuiire^^'*  publislied  in  1847,  has  for  its  full 
title,  "  Systeme  Glaciaire,  ou  Recherches  sur  les  Glaciers,  leur 
mecanisme,  leur  ancienne  extension,  et  le  rule  qu'ils  ont  joue 
dans  THistoirc  de  la  Terre,  par  MM.  L.  Agassiz,  A.  Guyot  and 
E.  Desor ;  Premiere  Partie."  This  first  part  was  the  great  work 
of  Agassiz  on  glaciere.  But  although  so  valuable,  it  was  unfor- 
tunate for  science  that  the  other  j)arts  failed  of  publication,  owing 
to  revolutionary  movements  in  vSwilzerland  which  were  destruct- 
ive to  the  Neuchatel  University.  Guyot's  views  appeared  in  brief 
in  the  Bulletin  of  the  Neuchatel  Society  of  Natural  Sciences,  and 
are  cited  in  the  second  volume  of  d'Archiac's  "Histoire  des 
progriL'S  de  la  Geologic"  (1848). 

In  1848  Guyot  came  to  this  country,  following  the  course  of 
Agassiz  who  reached  America  two  years  before.  Switzerland 
lost  much  in  this  removal  of  two  of  her  ablest  professors,  but 
America  gained  vastly  more.  AVhile  Agassiz  infused  new  ideas 
ioto  the  people  and  the  schools  and  other  educational  institutions 
of  the  land  as  to  the  value  of  natural  science  and  the  methods 
of  instruction,  Guyot  gave,  with  like  effect,  new  methods  and 
indened  comprehension  with  regard  to  the  relations  of  physical 
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geography  to  man  and  history,  ami  to  the  true  objects  of  geo- 
grapicul  study.  For  six  vesirs  Guyol  was  eniployod  by  the 
Massachusetts  13oard  of  Education  as  lecturer  to  the  normal 
schools  of  the  State  on  geography  and  the  hest  ways  of  teachinj 
it.  The  year  after  his  arrival  in  the  country  he  delivered  ii 
French  a  course  of  lectures  in  Boston,  which  were  afterwan 
translate<l  by  Professor  Fehon,  of  Harvard,  and  published  unde 
the  title  of  **  Kartli  and  Man."  The  vohinie  exhibits  the  broa< 
philoso]>hic  views  and  exalted  tone  of  mind  and  heart  of  it 
author,  and  commenced  his  period  of  influence  over  geographies 
education  among  us. 

In  I80O  he  organized  the  system  of  meteorological  obsenra 
tions  put  into  action  by  the  Smithsonian  Institution,  and  advise< 
as  to  the  construction  of  instruments  for  the  pur])0sc.  In  1851  ti 
1859  he  ])repared  a  volume  of  Mefeoroiof/ical  a nd  Physical  t4Mei 
puhlislied  by  this  Institution.  He  began  at  the  same  time  a  syi 
tematic  study  of  the  j)liysical  geography  of  the  United  State^ 
especially  as  regards  the  features  of  its  mountains  and  the  heighti 
of  their  peaks,  from  northern  New  England  to  South  CaroHii^ 
The  principal  results  up  to  1801  are  presented  in  one  of  the 
volumes  of  this  Journal  for  that  year,  \\\  a  paper  "on  the  Phm 
cal  Structure  of  the  A])palachian  System."  His  last  work  of  thii 
character  was  carried  on  in  the  C-atskill  Mount«iius,  during  ser- 
eral  summei*s  between  1SG2  and  1879,  the  latter  two  years  after 
he  had  passed  his  Toth  birtliday.  It  was  a  work  of  great  difll- 
culty  on  account  of  the  pathless  forests  spreading  over  many  d 
the  sununits,  which  were  mostly  featureless,  and  the  necessity  in 
^ome  casi's  of  climbinix  to  the  tops  of  the  highest  trees  to  gain 
a  view  of  the  neighboring  summits  for  triangulation.  He  carried 
his  survey  througli  with  wonderful  precision,  considering  the  diffi- 
culties, discovered  heights  among  the  peaks  greater  than  bad 
Ijcfore  been  known,  and  has  given  an  excellent  map  of  the  region. 
(This  Journal,  volume  xix,  isso.) 

Professor  (iuyot's  theological  and  scientific  training  fitted  hiic 
to  make  a  judicious  ex}>osition  of  the  first  chapter  of  Genesis.  ^ 
brief  statiMuent  of  his  views  on  the  subject  has  been  before  tlu 
country  in  the  chapter  on  Cosmogony  in  Dana's  Manual  of  GreOk 
00 V,  derived  orallv  from  him.  The  elosinjx  labor  of  his  life  we 
the  })rc]»:ir:ition  of  a  volume  of  'JOO  pages  on  this  subject,  and  tk 
last  j>roofs  had  been  read  just  before  his  death.*  Profess-- 
Ciuyot  believed  in  the  >piritual  not  less  than  in  the  material; 
Nature's  laws,  and  in  the  In  finite  Lawgiver,  the  Author 
Natuiv  ;  and  his  lifo  was  throughout  a  manifestation  of  "% 
Christian  faith. 

ProfrssiH*  (iuyot   re<'eived   his   professorship    at   Princeton^ 
isrir).      lie    was    one    of   the    original    members   of  the  Natic^  1 
Academy  of  Scimccs.     His  excellent  wife,  who  survives  him,   -% 
the  daughter  ol  e\-(iovernor  Haines,  oi'  New  Jersey.         J.  D.  "h^ 

*  I*uI)li-jlio<l    l»y    ^fiTiltiii/rV-   Sons,    Now    Yi»rk.   llic   publisliora   of   hiH 
ir»-".i:r:iiiliiL'"-:.  sill:i«t«H,  mimI  limits. 
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r.  XXIX.  —  Recent  Explorations  in  the  Wappinger  Valley 
timestone  of  Dutc/tess  County^  New  York;  by  Prof.  William 
►.  DwiGHT,  Vassar  College,  Poughkeepsie,  N.  Y.  With 
late  Vn. 

No.  4. — Descriptions  of  Calciferous  (?)  Fossils. 

jf  a  previous  paper  of  this  series,  four  years  ago,*  the  writer 
le  known  his  identification  of  Calciferous,  as  well  as  Tren- 
rocks,  in  the  limestones  of  the  Wappiiiger  Valley.  This 
;rmination  was  founded  on  the  presence  of  the  ordinary  but 
y  unsatisfactory  fossils  considered  characteristic  of  the  Cal- 
rous  in  the  United  States. 

)ne  year  later  announcement  was  made,  in  a  brief  note,f  of 
further  discoveries,  in  the  same  apparently  Calciferous  stra- 
1,  of  fossils  far  more  striking  and  important.  These  were 
;ed  to  be  gasteropods  and  one  or  two  small  brachiopods, 
tompanying  orthoceratites  lying  crowded  together,  in  some 
alities,  and  in  much  variety  of  structure  and  of  size,  reach- 
5  in  some  cases  a  length  of  9  inches,  and  in  others  a  width 
U. 

The  long  interval  which  has  followed  without  the  publica- 
>n  of  the  details  in  this  series  of  papers  has  been  unavoidably 
le  to  the  extent  of  the  problems,  and  of  the  work,  thus  sud- 
nly  and  unexpectedly  presented.  The  question  of  the  true 
e  of  the  stratum  was  at  once  re-opened  ;  new,  careful  and 
tended  exploration  for  all  attainable  facts  was  imperatively 

*  This  Journal,  January,  1880.  f  This  Journal,  January,  188  L 
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demanded.  Under  this  exploration  the  stratigraphic  relations 
of  the  adjacent  slates  and  the  two  limestone  formations,  which 
at  first  seemed  simple,  proved  exceedingly  complicated;  a 
large  mass  of  fossils  in  a  highly  fragmentary  and  considerably 
metamorphosed  condition  has  been  collected,  from  which  defi- 
nite results  in  determination  could  be  reached  only  by  tlie  mc«t 
delicate  and  laborious  manipulation,  atid  the  most  painstaking 
collation  of  forms.  This  field  work  is  not  yet  concluded,  for 
every  excursion,  while  contributing  perha|)8  to  the  solution  of 
previously  unknown  quantities,  has  brought  forward  new 
problems. 

On  account  of  the  richness  of  this  field  in  facts  of  ])aleonto- 
logical  and  stratigraphical  imporumce,  it  is  now  evident  that 
justice  cannot  Ix^  done  to  the  subject  within  the  limits  of  these 
pap(M*s.  The  general  facts,  however,  of  both  the  stratigraphy 
and  pjileontoIoiTv  of  this  limestone  belt  will  be  presented  here, 
leaving  the  more  complete  discussion  of  the  subject  for  a  mo- 
nograph which  the  writer  designs  to  prepare  as  soon  as  the 
work  of  investigation  can  be  sulHciently  completed.  The 
Trenton  limestone  present  has  already  furnished  additional 
f(»ssils,  of  which  descri|)tions  will  hereafter  be  given. 

The  parlicular  object  of  the  present  paf)er  is  to  begia  the 
descri|)tions  of  Calcilcrous(?)  fossils.     Before  describing  them, 
however,  it  will  be  proj)er  to  add  a  few  very  brief  statemeDts, 
sullicient  for  the  present  j)urpose,  as  to  their  occurrence  and    ^ 
the  probabilities  as  to  their  age.  \ 

What  I  aui  prepared  to  say  at  present  in  regard  to  their  rel- 
ative a^e  may  be  stjited  as  follows: 

I.  The  rock  containing  them,  both  in  its  lithological  charac-     • 
tiT  and  its  ft)ssils,  is  quite  distinct  from  the  super-jacent  lime- 
st()ne  whii'ii  is  bev»^nd  (piestion  Trenton. 

II.  Its  orthoceraiites  dill'er  notablv  from  anv  similar  collec- 
tion,  taken  as  a  wliole,  lus  far  as  1  know,  in  either  the  Trenton 
or  the  Black  Hiver  groups,  in  the  facts  that  no  species  are 
found  among  tluMn  whose  septa  are  more  distant  than  about 
nine  to  tht^  inch,  most  of  them  having  septa  standing  much 
more  closejv:  and  the  additional  feature  that  with  the  rarest* 
i^\c<'ptions  the  sipiions  are  lateral,  if  not  marginal,  with  a  ten- 
dene  v  to  I  JO  proportionally  very  large  throughout  the  group. 

III.  I\verywher(»  elosely  intermingled  with  the  orthoceratites 
are  various  <rasiero})o(ls  appearing  to  be  identical  with  those 
acconntrd  ciiarac^trristic  of  the  Calciferous  of  the  United  States 
and  of  Caiiaila.  Notably  there  are  admirable  specimens  of  the 
Olihi/tta  ctjvifmdti^  fortunately  (nlly  described  and  illustrated 
by  Salter.  ((Ti'oJoorical  Survey  of  Canada,  Decade  I,  p.  16.) 
Excej)i  for  the  i)n'sence  of  these  orthoceratites,  there  would 
be  no  hesitation   is  assi«rnino;  this   limestone  to  the  so-called 
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Calciferous  group.  But  the  presence  of  these  new  fossils,  to 
say  nothing  of  existing  douots  as  to  the  true  stratigraphic 
relations  of  much  that  has  elsewhere  been  called  Calciferous, 
suggests  great  caution  in  deciding  upon  the  horizon. 

On  the  other  hand,  these  fossils  as  a  whole,  cannot  at  pres- 
ent be  safely  assigned  to  any  other  group  with  so  much  justifi- 
<^ation  as  to  the  Calciferous.  They  will  be  so  assigned  at  this 
time,  but  with  the  understanding  that  it  is  a  provisional 
arrangement. 

A  more  full  discussion  of  the  age  of  this  rock  will  be 
appropriate  after  the  fossils  have  been  more  fully  described, 
including  the  important  gasteropods  above  mentioned. 

This  Calciferous  formation,  accompanied  in  many  places  by 
the  Trenton  in  much  smaller  masses,  displays  its  fossils  for  a 
number  of  miles  above  and  below  Poughkeepsie,  in  the  Wap- 
pinger  Valley.  By  far  the  richest  locality,  however,  is  at  the 
hamlet  of  RrKjhdale  ;  especially  are  the  orthocerata  the  largest, 
and  the  most  crowded  together  in  a  low  ledge  on  a  hill-aide 
about  900  feet  northwest  of  the  woolen  mills. 

I  am  much  indebted  to  the  kindly  and  most  valuable  assist- 
ance of  Mr.  R.  P.  Whitfield  in  the  difficult  study  of  the 
specimens  as  well  as  in  the  drawing  of  some  of  the  figures. 
Figures  1,  la,  4  and  5  were  outlined  by  him  from  the  type 
specimens. 

In  my  descriptions  of  Rochdale  fossils,  the  richly  fossiliferous 
ledge  expased  for  200  or  300  feet  each  side  of  the  cross-wall 
between  the  farms  of  H.  Titus  and  W.  Badgely,  about  900  feet 
northwest  of  the  woolen  mill,  will  be  named  D.  Another  Cal- 
ciferous locality,  next  to  the  one  just  mentioned  in  paleonto- 
logioal  importance,  designated  F,  consists  of  a  series  of  out- 
crops barely  above  the  surface  of  ihe  ground  in  W.  Badgely's 
field  extending  from  the  northerly  extremity  of  ledge  D,  be- 
tween two  hills,  to  the  Pleasant  Valley  turnpike,  with  which  it 
is  about  on  a  level  throughout.  This  locality  is  specially  rich 
in  small  and  neat  annulated  and  other  orthocerata,  while  the 
ledge  D  is  filled  with  the  larger  Cephalopods. 

Crustacea. 

Quite  a  number  of  fragments  of  trilobites  have  been  collected 
at  locality  D.  One  which  is  a  portion  of  a  thickened  margin 
of  a  cephalic  shield,  is  6*™  long  and  13™™  wide.  But  the  frag- 
ments which  are  sufficiently  well  preserved  to  admit  of  specific 
description  are  small,  belonging  to  animals  probably  6'^™  or 
under  in  total  length.  The  cephalic  shields  of  the  two  species 
here  described  are  not  sufficiently  complete  to  justify  a  satis- 
factory decision  as  to  the  genus.     The  courses  of  the  facial 
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sutures  are  especially  incomplete.  While  th§y  in  many  re- 
spects strongly  resemble  Bathyurus,  they  do  not  appear  in  all 
points  to  conform  to  that  type.  For  the  present,  however, 
they  will  be  provisionally  classed  under  that  genus. 

Bathyurus  taurtfrofis,  n.  sp. 

Figg.  1,  la,  2,  2a,  2b  and  3. 

Glabella  very  convex,  much  elevated,  slightly  conical,  ihe 
sides  of  its  posterior  two-thirds  being  nearly  parallel,  while  its 
anterior  third  is  a  little  narrowed,  and  then  rounded  in  front. 
Its  greatest  width  is  two-thirds  of  its  length  exclusive  of  the 
occipital  ring.  There  is  a  slight,  yet  evident  longitudinal  line 
of  angularity  along  the  summit,  and  there  are  three  pairs  of 
very  faint  transverse  furrows  extending  from  the  sides  obliquely 
backward  for  about  one-third  of  the  width  of  the  glabella. 
Certain  traces  may  perhaps  indicate  a  fourth  pair  situated  more 
anieriorly.  The  three  pair  first  mentioned  are  so  situated  that 
lines  joining  the  outer  ends  of  each  pair  would  divide  the  sur- 
face neurly  into  quarters.  With  the  above  exceptions  the 
glabella  is  entirely  smooth. 

The  summit  of  the  glabella  is  about  its  greatest  width  (and 
its  anterior  ^)order  about  half  the  same),  above  the  level  of  the 
anterior  edge  of  the  cephalic  shield.  In  the  specimens  de- 
scribed this  summit  elevation  is  7'5"'°.  From  the  anterior  dor- 
sal furrow  the  surface  of  the  cephalic  shield  descends  in  a 
steep  sigmoid  curve  to  its  anterior  margin  which  projects  in  a 
horizontal  distance  beyond  the  glabella  about  one-third  of  the 
maximum  transverse  diameter  of  the  latter. 

The  dorsal  furrow  extemls  entirely  around  the  glabella,  but 
is  not  very  dee|).  The  anterior  limb  of  the  cepljalic  shield  is 
about  one-third  wider  than  the  glabella..'  The  fixed  cheeks  are 
narrow  ;  the  palpebral  lobes  (not  thoroughly  preserved  in  the 
specimens),  arc  small  and  opposite  the  center  of  the  glabella. 
The  occi[)ital  furrow  is  well  marked  and  extends  the  entire 
glabellar  width;  the  occipital  ring  has  a  longitudinal  axis 
about  otie-sixth  that  of  the  glabella,  and  extends  laterally  a 
little  beyond  the  doi-sal  furrows.  Movable  cheeks  and  thoracic 
segments  not  known. 

Pygidium,  anterior  margin  a  gentle  curve,  posterior  and  lat- 
eral uiarcin  semicircular.  The  axial  lobe  well  defined,  in  front 
one-third  of  entire  width  of  pygidium,  tapering  considerably 
to  the  rounded  posterior  termination  which  does  not  quite  at- 
tain the  junction  posteriorly  of  the  lateral  lobes;  its  length  is 
twotliirds  that  of  the  entire  pygidium.  It  is  quite  convex 
transversely,  while  it  also  curves  rapidly  down  ]rom  front  to 
rear.  Its  surface  is  without  furrows  and  quite  smooth,  except- 
ing a  slight  angularity  along  the  median  line  of  its  summit, 
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and  two  tubercles  situated  close  together  at  its  posterior  termi- 
Dus.  The  lateral  lobes  are  less  convex  than  the  axial,  and 
markeil  by  three  or  four  faint  furrows,  some  of  which  may  be 
traced  across  the  margin  by  close  inspection. 

The  depressed  m  irginal  band  is  rather  wide,  being  about 
one-eighth  of  the  greatest  width  <»f  the  pygidium ;  it  is  but 
little  narrower  at  the  extreme  posterior  portion. 

The  elevation  of  tlie  anterior  portion  of  the  axial  lobe  above 
the  marginal- edge  of  the  pygidium,  is  nearly  equal  to  the 
greatest  width  of  thai  lobe;  about  4°*™  in  present  specimens. 

On  account  of  the  disappearance  of  all  thoracic  portions  in 
specimens,  the  connection  of  the  above  described  pygidium 
with  the  cephalic  shield  described,  can  only  be  inferred  from 
iheir  frequent  occurrence  intermingled  in  close  proximity. 
These  occurrences  seem  to  justify  the  decision  of  the  identity 
of  the  speciea  There  is  much  general  resemblance  between 
this  species  and  BaOiyunis  extans  of  the  Trenton.  Yet  there 
are  marked  differences,  such  as  the  remarkable  elevation  of  the 

5[labella  in  the  new  species,  while  the  pygidia  vary  in  many 
eatures. 
Locality — Calciferous,  Ledge  D,  Rochdala 

BathyuruB  ?  crotcUiJronSj  n.  sp. 
Figs.  4,  4a,  5  and  6. 

Glabella  low,  convex,  strongly  conical,  its  sides  being  some- 
what concave  a  little  anteriorly  of  the  center.  Its  maximum 
width  is  very  little  less  (about  -j^)  than  its  length  exclusive  of 
the  occipital  ring,  and  is  found  at  about  one-sixth  of  this  length 
anteriorly  to  the  occipital  furrows.  In  the  anterior  third,  the 
transverse  diameter  diminishes  to  two-thirds  of  the  maximum 
and  less.  The  front  border  and  the  posterior  angles  are  well 
rounded.  Surface  of  glabella  is  covered  with  tubercles  ;  there 
are  no  glabellar  furrows;  dorsal  furrows  extend  quite  around, 
and  are  very  deep  ;  occipital  furrow  well-marked  and  extend- 
ing across  the  entire  breadth  6i  the  glabella  ;  the  tuberculated 
occipital  ring  has  its  longitudinal  axis  at  least  ^th  that  of  the 
glabella  in  front  of  it,  while  its  width  scarcely  equals  that  of 
the  glabella.  Fixed  cheeks  of  moderate  width  ;  these,  and  the 
palpebral  lobes,  depressed  convex,  the  latter  carrying  a  broad 
shallow  groove  at  the  exterior  margin  over  the  eye.  The  an- 
terior margin  of  the  cephalic  shield  projects  in  front  of  the 
glabella  to  a  distance  equaling  about  one-fifth  of  the  length  of 
the  latter,  exclusive  of  the  occipital  ring.  The  posterior 
limb  of  the  cephalic  shield  extends  out  laterally  at  nearly 
right  angles  to  the  longitudinal  axis. 

Movable  cheeks  low  convex,  tuberculated,  with  a  rounded 
lateral   marsrin  ;  ocular  sinus  moderate.      General    outline  of 
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cephalic  shield  not  thoroughly  defined  in  the  specimens.    Tho- 
rax and  pygidiurn  unknown. 

Locality— Calciferous.    Ledge  D,  Kochdale,  N.  Y.      Fmg. 
ments  of  half  a  dozen  individuals  found. 


Cephalopoda. 

Cyrtoceras  Vassarina^  n.  sp. 

Figs.  7,  la  and  ft. 

Shell  stout,  large  and  smooth,  varying  in  the  same  individual 
from  1°™"™  to  2°^  in  thickness ;  considerably  curved  in  most 
specimens :  the  transverse-section  is  more  or  less  distoried  by 
compression  in  the  best  preserved  specimens,  but  it  appears  lo 
be  broadly  elliptical,  the  transverse  axis  being  a  little  less  than 
one- fifth  shorter  than  the  dorso- ventral  axis.  Taper  gradual, 
about  one  part  to  nine  near  the  chamber  of  habitation. 

Septa  from  10  to  15  or  more  to  the  inch,  deeply  concave,  the 
concavity  exceeding  by  one-half  the  depth  of  the  intersepial 
spaces ;  their  marginal  sutures  but  slightly  curved  along  the 
l.uoral  margins,  arching  somewhat  forward  toward  the  concave 
ventral  margin,  and  very  strongly  forward  toward  the  convex 
dorsal  margin.  The  extent  of  this  forward  deflection  near  the 
dorsal  and  siphuncular  side,  about  equals  three  of  the  inter-  , 
septal  spaces,  while  that  near  the  ventral  side  is  somewhat  less 
than  one  interseptiil  space.  In  several  of  the  most  marked 
specimens,  the  line  joining  in  a  cross-section,  the  points  of  maxi- 
mum deflection  to  the  front,  on  the  opposite  margins  (shown  by 
the  dotted  line  in  fig.  7a),  would  show  a  considerable  angnlar 
deviation  from  the  dorso-ventral  line. 

Siphuncle  marginal,  somewhat  flattened,  and  of  moderate 
proportional  size,  which  is  probably  somewhat  variable  in  dif- 
ferent individuals  of  the  species.  In  the  specimen  described 
in  which  it  is  host  shown,  fig.  8,  its  greatest  diameter  (parallel 
to  the  margin)  is  4"^"*  and  its  tninsverse  diameter  about  -X  less, 
where  the  shell  has  ji  dorso-ventral  diameter  of  29"™.  In  the 
other  si)ccinien  (tig.  7)  the  siphuncle  appears  to  have  about  the 
same  proportion  near  the  chamber  of  habitation,  and  nearer 
the  jipcx  it  has  a  maximum  diameter  of  2°*™  where  that  of  the 
shell  is  two  deci meters.  In  some  s[)ecimens  at  least  (as  showa 
in  fig.  Id)  the  sif>lnuicle,  which  is  dorsal,  w  situated  considera- 
bly to  one  side  of  the  dorso-ventral  axis.  It  is  slightly  beaded, 
the  gentle  expansions  occurring  where  it  is  met  by  the  very 
oblique  edges  of  the  septa. 

The  chamber  of  habitation  is  capacious.  Locality — Calcif- 
erous, Rochdale,  N.  Y.,  throughout  the  fossiliferous  layers,  hut 
especially  at  Ledge  D. 
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This  is  one  of  the  most  prominent  and  abundant  of  the  orlho- 
ceratites  in -the  Wappinger  Creek  valley;  it  occurs  mostly  in 
small  fragments,  sometimes  closely  crowded  together ;  the 
largest  known  s[>ecimens  have  an  incomplete  length  of  five  or 
six  inches,  implying  a  complete  one  of  eight  or  nine  inches. 
Several  orthocerata  of  the  latter  length  have  been  collected 
which  are  probably  referable  to  this'  species,  but  lack  of  evi- 
dence ns  to  the  septa  and  siphuncle  leaves  the  question  at 
present  in  doubt.  Although  the  specimens  here  described,  and 
many  similar  ones,  appear  to  belong  under '^Cyrtoceras,"  yet 
there  is  reason  for  doubt  on  this  point.  This  arises  from  the 
presence  of  quite  a  number  of  orthoceratites  closely  resem- 
bling these,  as  far  as  can  be  judged  in  their  imperfect  state,  but 
which  are  nearly  or  quite  straight  It  is  possible  that  this 
latter  group  on  further  examination  may  disclose  a  specific 
diflference  in  the  shape  of  the  cross-section,  and  especially  in 
the  rate  of  increase  in  the  diameter  of  the  shell  which  seems 
to  differ  from  the  taper  above  described.  A  local  name  has 
been  assigned  in  honor  of  the  college  in  whose  vicinity  these 
specimens  occur. 

Cyrtoceras?  dactyloideSj  n.  sp. 
Figs.  9  and  9a. 

Shell  small,  slender,  tapering  about  -^th  to  the  inch  ;  gently 
curved ;  surface  not  known,  except  so  far  as  it  appears  smooth 
in  vertical  sectiotf ;  transverse  section  (of  which  only  about 
three-fourths  is  evident)  apparently  elliptical,  with  the  propor- 
tions of  six%>  five  for  the  two  axes. 

Septa  about  seventeen  to  the  inch,  considerably  concave,  the 
concavity  equaling  the  depth  of  the  interseptal  spaces ;  their 
sutures  horizontal  at  the  lateral  margins  and  very  slightly 
curving  forward  at  the  dorsal  margin ;  tli?y  are  not  preserved 
in  the  specimen  at  the  ventral  margin,  but  the  partial  obliquity 
in  the  position  of  the  septa  shown  in  the  longitudinal  section 
(upper  half  of  fig.  9^  indicates  more  arching  forward  on  the 
ventnil  than  on  the  dorsal  side. 

Siphuncle  marginal,  very  nearly  circular,  there  being  a 
barely  perceptible  flattening  parallel  to  the  margin:  it  is  on 
the  convex  dorsal  side,  and  is  proportionally  large  for  a  Cyrt't- 
ceras:  its  gain  in  size  is  apparently  more  rapid  than  that  of 
the  shell,  for  at  the  smaller  end  its  diameter  is  slightly  more 
than  2"™,  or  one-fourth  the  diameter  of  the  shell  at  that  point, 
while  at  the  larger  end,  its  diameter  is  3'75™™  or  about  one- 
third  the  whole  diameter  of  that  portion.  This  species  bears 
considerable  resemblance  to  OrUioceras  sonUdum  Billings  (Can. 
Nat  and  Geol.,  vol.  iv,  Calciferous  group),  yet  the  Cana- 
dian fossil,  the  type  specimen  of  which,  by  the  kindness  of 
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Mr.  J.  F.  Whiteaves,  I  have  been  able  to  examine,  differs  in 
several  points,  as  lack  of  curvature,  less  proportional  size  of 
siphuncle,  different  shape  of  cross-section,  stronger  forward 
arching  of  the  septa  near  the  siphuncle,  and  other  features. 
Locality — Calciferous,  Ledge  D,  Kochdale,  N.  Y. 

Cyrtoceras  microscopicum^  u,  sp. 
yi«-  n. 

Shell  very  small  and  with  exceedingly  thin,  delicate  walls. 
It  is  known  only  in  the  exhibition  of  a  longitudinal  section  of 
a  single  specimen.  It  is  much  curved  on  the  inner  margin, 
and  very  moderately  on  the  outer  one;  its  taper  is  apparently 
very  rapid,  but  as  some  of  this  appearance  may  be  due  to  pos- 
sible obliquity  of  the  section,  no  definite  rate  can  be  stated. 
Septa  extremely  delicate  and  crowded  together  at  the  rate  of 
about  9(1  to  the  inch,  with  a  gentle  concavity,  and  meeting  the 
dorsal  and  ventral  margins  at  the  same  level.  Neither  the 
8ij)huncle  nor  the  cross-section  are  known.  The  only  speci- 
men collected  has  a  leni];th  of  6*5*"",  while  the  transverse  diam- 
eters at  the  extremities  arc  respectively  5"™  and  8*"". 

Locality — K,  Calciferous,  Rochdale,  N,  Y. 

Orthftcerait  ftpiMiseptuni^  w,  sp. 

FiK-  12. 

Shell  quite  small,  slightly  curved,  thin,  and  apparently 
nearly  cylindrical.  As  the  only  specimen  collected  presents 
niereiy  a  plane  longitudinal  section,  more  or  less^blique,  the 
rate  of  Uiper  cannot  be  stated  more  exactly.  Septa  delicate 
and  exceed in<(ly  close  together,  at  the  rate  of  about  95  to  the 
inch  ;  their  concavity  is  considerable,  after  making  all  |)ossible 
allowance  for  obliquity  of  the  section  ;  their  junctions  with  the 
shell  are  evidently  considerably  higher  on  one  side  than  on  the 
otlier.  Transverse  section,  and  si[)huncle  unknown.  The 
frai^inent  of  the  only  s|)ecimen  collected  is  10'5™™  long,  and 
about  (>"""  in  transverse  diameter. 

Locality — Calciferous,  Ledge  D,  Rochdale,  N.  Y. 

(Jrthoceras  Iloirittta  n.  sp. 

Fi^'P.  \X  14  :inil  \-Ui. 

Siu'U  small  and  tai)ering  gently,  at  an  approximate  rate  of 
one  to  tt'n,  aiinulatcd,  with  generally  from  eight  to  ten  rings  to 
the  inch  (in  some  instances  only  six):  these  an nulations are 
always  formed  more  or  loss  by  nndulations  of  the  entire  body 
of  the  shell,  wliicli  is  quite  variable  in  thickness  in  different 
j)laces  ;  but  frc([Uontly  the  rinofs  are  increased  by  a  thickening 
of  the  shell  whore  they  occur.     Chamber  of  habitation  long  ; 
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it  18  apparently  contracted  anteriorly  in  several  specimens,  all 
of  which  are  longitudinal  sections  made  by  natural  weathering. 
This  apparent  contraction  may  be  due  to  obliquity  of  the  sec- 
tions, or  to  curvature.  -  No  specimen  has  yet  been  collected 
that  gives  any  other  view  of  the  fossil  than  a  sectional  one. 
Septa  delicate  and  frequent,  usually  from  twenty  to  thirty  to 
the  inch,  though  some  have  more;  they  are  gently  concave,  and 
some  of  the  natural  sections  exhibit  them  in  positions  where 
thev  indicate  some  obliquity  of  suture. 

rThe  imperfect  transverse  section,  fig.  14a,  exhibits  an  ellip- 
tical outline ;  a  more  complete  one,  since  obtained,  reveals  an 
ellipticity  of  three  to  one,  much  greater  than  that  indicated  in 
this  figure. 

Siphuncle  lateral,  but  probably  not  marginal,  circular,  with 
a  diameter  of  a  little  less  than  a  millimeter  (^  inch),  wtiere 
the  shell  has  a  diameter  of  6*3"°*.  Locality — Calciferous,  one 
or  two  specimens  at  Ledge  D,  but  chiefly  at  localitv  F,  Roch- 
dale, N.  Y. 

I  have  thought  it  proper  to  give  these  graceful  orthocerata  a 
specific  name  in  honor  of  Mrs.  Henrietta  Manning  of  New 
York  City,  since  her  generous  contributions  toward  the  ex- 
penses of  developing  this  field  of  paleontological  research  have 
much  facilitated  the  work  and  have  constituted  her  a  patron  of 
scienca 

Oncoceras  vaaiforme^  n.  sp. 
Figs.  10  and  10a. 

The  description  of  this  fossil  is  derived  from  a  single  speci- 
men which  is  half  imbedded,  longitudinally,  and  the  other  half 
is  lost  by  abrasion.  There  is  thus  exhibited  only  a  plane 
median  vertical  section,  nearly,  but  not  quite,  at  right  angles 
with  the  dorso-ventral  axis.  Shell  small  and  delicate  (4*^™  in 
length  and  9°™  maximum  width),  amount  of  curvature  un- 
known, ventricose  at  the  upper  parts  of  the  septate  portion, 
and  the  lower  part  of  the  chamber  of  habitation,  very  narrow 
in  the  lower  septate  portion ;  chamber  of  habitation  large,  its 
length  being  more  than  one-third  of  the  estimated  length  of 
the  shell.  Its  maximum  transverse  diameter  is  anterior  to  the 
last  septum  at  a  distance  of  about  one-fourth  the, diameter  of 
the  latter.  Anteriorly,  it  then  narrows  to  the  aperture  (whose 
diameter  is  about  one-fourth  of  the  inaximum),  rather  evenly 
and  gently;  one  margin  in  the  vertical  section  exhibited,  is 
convex  externally  throughout  to  the  aperture,  the  other  margin 
is  convex  for  about  one-half  the  distance  and  then  gradually 
changes  into  a  gentle  concave  line,  showing  a  special  but  slight 
constriction  on  that  side  near  the  front. 
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From  the  above  mentioned  position  of  maximum  rentri- 
coaity  in  the  chamber  of  habitation,  the  shell  diminishes  with 
a  rapid  taper  posteriorly  to  the  apex.  At  the  distance,  bow- 
ever,  of  eight  or  nine  septa  from  the  first  one,  the  rate  of  taper, 
which  up  to  that  point  has  been  as  one  to  three,  diminishes  a 
little  for  the  remaining  apical  portion,  causing  a  slight  concav- 
ity in  ihe  outline  in  that  vicinity. 

A  cut  made  across  this  fossil  4°*™  anterior  to  its  posterior 
termination,  reveals  one  (dorsal  ?)  half  of  the  transverse  section, 
and  shows  that  the  complete  section  must  be  u  little  elliptical 
(if  not  ovate).  The  siphuncle,  which  is  shown  in  this  section 
near  the  end  of  the  longer  axis  of  this  semi-ellipse,  is  very 
small,  with  a  diameter  of  -Qh^^  where  the  shell  has  a  diameter 
of  6™";  it  is  circular  and  quite  close  to  the  shell,  though  not 
actually  in  contact.  The  sei)ta  are  frequent,  about  twenty- 
three  to  the  inch,  two  or  three  nearest  the  chamber  of  habita- 
ti(m  standing  much  closer  together.  They  are  very  gently 
curved,  and  seem  slightly  oblique  in  this  section.  Locality — 
Calciferous,  ledges  in  field  F,  Rochdale,  N.  Y. 

This  fossil  sufficiently  resembles  0.  mwnmi/orme  Whitfield 
(Geol.  Wis.,  vol.  iv,  p.  232),  to  have  induced  for  awhile  its 
assignment  to  that  species.  A  critical  comparison  however  has 
made  this  assignment  doubtful,  and  the  recent  evidence  ob- 
tained in  thu  cross-cut  of  the  position  of  the  siphon  removes 
all  doubt  that  it  is  a  distinct  species.  It  is  certainly  no  nearer^ 
to  0,  constricftfm  Hall,  and  appears  to  be  new. 


ICXFLANATION    OF    PLATK  VII.— W AlMMN'tJKR  VALLKY    FOSSILS 


All  the  speoiitiiais  here  illu>!tratod  are  from  tho  Calciferous  (?)  at  Rochdaie. 
N.  Y.,  and  are  tt'|)resionto«i  in  ih«ir  natiinil  si/.e. 

IJaTHYUHUS   (?)   TAURIPttON'S. 

Fig.  1.  Olabelia  ami   lixed  cliocks.  tho  foniicr  sliow^uij?  tho  furrows  and  median. 

angular  lin<».     'I'hu  furrows  appear  much  too  conspiciioiia  in  the  ait. 
Fit;.  ^^'  l*rolilo  viow  (»i"  the  same  .•specimen. 
Fig.  2.   A  ])y^i«liiim  foiin<l  in  oloyo  pro.Timiiy  to  the  al)Ove.  probably  of  thestai^ 

fip^M•ies.  ir  nnt  of  llio  same  individual. 
Fig.  2a.  A'iTticd  iraiisvifrso  section  of  the  bame,  showing  the  elevation  andtrtn.i&- 

v<;r.«e  (rJMitoiir  <»f  the  ant^'rior  limb. 
Fig.  26.  Prolile  view  of  same  pyiridium. 
Fig.  3.   Tygidium  of  aiioth^-r  individual  of  same  si^ecies,  showing  distinctly  tL"»- 

two  poHt«'rior  tubcreles  on  the  ax  id. 
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BaTHYUBUS  (?)  OROTALirRONS. 

Fig.  4.  View  of  a  gutta  perohn  cant  taken  from  a  natural  mould,  showing  tbe- 

glabelln  and  fixed  cheeks. 
Fig.  4<i.  Profile  view  of  same. 
Fig.  5.  View  of  g^tta  percha  cast  of  natural  mould  of  the  rifcht  movable  cheek  of 

a  larger  specimen  of  the  same  species,  showing  the  ocular  sinu& 
Fig.  €.  View  of  glabella  and  n  small  portion  of  fixed  cheeks  of  another  individual. 

The  parts  represented  on  the  right  side  of  the  g1al>ella.  especially  the 

arcuated  line,  arc  doubtful,  belonging  perhaps  to  some  other  individual. 

Orthocekas  Vassarina. 

Fig.  7.  Lateral  view  of  an  internal  cast,  carrying  portions  of  the  smooth  shell, 
showing  clearly  the  chamber  of  habitation,  septal  sutures,  and  curva- 
ture of  the  septa.  The  smooth  surface  to  the  right  below,  has  been 
polished  to  show  the  siphnucle  which  appears  in  the  figure. 

Fig.  *la.  Transverse  section  of  upper  portion  of  same,  showing  the  position  of  the 
siphuncle  (not  seen  in  that  part  of  fig.  7)  considerably  to  one  side  of 
the  dorso- ventral  axis.  The  upi)er  part  of  this  section  shows  a  dis- 
tortion by  flattening.  The  broken  straight  line  connects  the  points  of 
mnxiiiium  forward  deflection  of  the  septal  sutures. 

Fig.  8.  Dorsal  view  of  internal  mould  (with^)ortion  of  shell)  of  another  individual, 
showing  the  upward  arching  of  the  septa,  and  the  marginal  siphuncle 
a  little  expanded  at  its  points  of  junction  with  the  septa. 

Cybtocerab  dactyloides. 

Fig.  9.  .\   well  defined  specimen,  the  lower  third  of  which   is  the  cyiindrica 
internal  mould,  showing  the  sutures,  while  the  upper  two-thirds  is  an 
abraded  and  polished  vertical  plane  section  of  the  same,  showing  the 
large  marginal  siphon,  and  the  curvature  of  the  septa. 

Fig.  9a.  A  transverse  section  at  the  lower  end,  showing  the  size  of  the  siphunole- 
at  that  point. 

Oncoceras  vasiforme. 

Fig.  10.   A  [latural  vertical  median  plane  section,  not  quite  rectangular  to  the 

dorso- ventral  axis. 
Fig.  10a.  An  artificial  transverse  section  of  the  specimen,  4'""'  from  the  lower 

end,  showing  tlie  position  of  the  siphuncle. 

CYRTOCERAS  M1CR08C0P1CUM. 

Fig.  11 .  A  polished  vertical  median  plane  section  passing  probably  nearly  in  the- 
plane  of  the  dorso-ventral  axis. 

Orthoceras  spissiseptum. 
Fig.  12.  A  natural  longitudinal  section,  showing  a  few  of  the  septa. 

ORTHOrKKAS    HENRIETTA. 

Fig.  13.  A  polished  vertical  section  showing  tlie  chamber  of  habitation,  and  sum© 

of  the  septate  portion. 
Fig.  14.  A  similar,  somewhat  oblique  section  of  another  individual,  showing  the 

siphuncle  at  lower  end. 
Fig.  Hrt.  A  polished  transverse  section  of  the  lower  end  of  the  same  showing  the 

position  of  the  si[)hunole. 
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Art.  XXX. —  Upon  the.  Kettle- Holes  near   Wood's  Ffoll^  M<us.; 

by  Professor  B.  F.  Kooxs. 

In  the  study  of  the  glacial  phenomena  about  Wood's  Holl, 
Mass.,  I  have  gathered  many  facts  concerning  the  Kettle-Holes 
of  the  region  as  to  depth,  size,  direction  of  the  longer  axis, 
their  groupings,  and  otner  points,  which  may  throw  light  upon 
their  origin.  No  special  study  of  them  as  regards  8ome  of 
these  points  had  been  made,  and,  therefore,  without  previous 
convictions  as  to  what  conclusion  the  facts  would  lead,  I  deter- 
mined during  the  last  summer  to  give  them  a  careful  examina- 
tion as  far  as  my  work  in  connection  with  the  United  States 
Fish  Commission  at  Wood's  Holl  would  allow.  Profeasor  War- 
ren Upham,  who  has  made  many  observations  on  the  terminal 
moraine  along  southern  New  England  and  the  adjoining  islands, 
regards  the  deposits  as  a  part  of  that  terminal  moraine,  and 
others  hold  the  same  opinion.  There  is  perhaps  no  more  re- 
markable region  on  the  whole  line  than  the  vicinity  of  Wood's 
Holl,  both  over  the  point  of  the  main-land,  and  on  the  adjoining 
eastern  islands,  Uncatina,  Nonamesset,  and  Naushon,  of  the 
Elizabeth  group,  which  extend  southwestward  between  Buz- 
zard's Bay  on  the  north  and  Vineyard  Sound  and  the  ocean  on 
the  south.     The  trend  of  this  group  of  islands  is  north  60^  east 

The  hills  are  masses  of  earth,  sand,  gravel  and  bowlders  tum- 
bled together  in  the  greatest  confusion.  In  places  the  surface 
is  well  covered  with  granite  and  gneiss  bowlders,  some  of 
gigantic  size,  as  will  be  seen  by  reference  to  table  No.  2. 

The  theory  that  this  is  a  part  of  the  terminal  moraine,  seeing 
plausible  wlicn  the  country  is  viewed   from  some  of  the  hi^fc^ 
lulls  a  mile  or  two  to  the  east  of  Wood  s  Holl.     To  the  soutl^^ 
west  stretches  away  the  long  line  of  islands;  and  to  the  nortL-x 
east  almost  as  far  as  Falmouth,  it  appears  as  though  the  glaci^^ 
hjid  pushed  its  front  down  to  the  sea  and  there  unloaded  L  ^ 
vast  amount  of  rock  and  earth  to  form  this  line  of  abrupt  hil\g_ 
To  the  northeast  of  Falmouth,  these  hills  recede  from  the  coa^st. 
leaving  a  level  i)lain  between  them  and  the  sea.     For  a  number 
of  miles  the  raih'oad  runs  along  the  base  of  these  hills,  leavirjg 
the  level  tract  of  country  to  the  southeast  of  it;  while  to  the 
northwest  are  the  high  and  rugged  hills  of  unstratified  material. 

Upon  the  tops  of  some  of  these  hills  (of  the  peninsula  of  the 
maiii-laiul)  one  hundred  or  more  feet  above  the  level  of  the  sea 
where  cuts  for  roads  have  been  made,  stratified  material,  con- 
sisting of  sand  and  gravel  is  found.  This  occurs  between  Buz- 
zard s  Bav  and  Vincvard  Sound,  whore  the  land  is  not  more 
than  three-fourths  of  a  mile  wide.  One  of  these  localities  of 
stratified  material  is  directlv  on  the  north  side  of  a  kettle-hole 
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Jfo.  18  on  the  map  below)  upon  the  steep  border,  seventy- 
aree  feet  al>ove  the  bottom. 
At  another  place,  upon  a  similar  deposit  several  feet  thick^ 
es  a  bowlder  weighing  several  tons.  On  the  island  of  Nau- 
hon,  opposite  Tarpaulin  Cove,  upon  the  summit  of  a  hill  over 
00  feet  above  the  sea-level  andf  where  the  island  is  not  more 
ban  two-thirds  of  a  mile  wide,  there  is  a  stratified  deposit 
rhich  has  been  partly  cut  away  by  the  winds  and  thus  its  char- 
cter  made  known.  It  has  at  top  a  bed  of  fine  yellow  sand 
3n  inches  thick ;  beneath  this  a  layer  of  white  or  smoky  v/hite 
and,  then  again  a  black  layer,  and  beneath  this  a  ferruginous 
lyer  two  inches  thick,  all  very  similar  to  those  of  Gay  Head 
t  the  west  end  of  Martha*s  Vineyard.  And  within  a  few  rods 
f  this  stratified  deposit  the  surface  over  a  considerable  area  is 
ompletely  covered  with  bowldera,  two  of  which,  Nos.  7  and  8 
f  table  No.  2,  are  of  unusual  size. 
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lap  of  tho  vicinity  of  Wood's  HoU  and  the  neigrhboring:  Elizabeth  Islands,  showing 
positions  and  direction  of  the  larger  diameter  of  the  Kettle- Holes. 

In  my  study  of  this  region  I  kept  a  record  generally  of  only 
he  largest  kettle-holes — passing  by  some  of  great  size  because 
bey  are  so  very  numerous.  It  seemed  important  to  obtain 
leasurements  of  a  representative  number,  and  these  suflSciently 
istributed  to  give  the  general  character  of  the  whole.  I  doubt 
ot  that  if  the  region  studied,  extending  from  Tarpaulin  Cove 
n  the  south  side  of  Naushon  to  Faltnouth,  a  distance  of  twelve 
ailes,  were  carefully  examined,  more  than  a  thousand  kettle- 
loles  could  be  mapped. 
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Many  of  these  depressions  have  water  in  them  forming  a 
small  pond  or  lake.  The  depth  of  the  ponds  could  onlj  be  esti- 
mated, except  for  No.  53  of  table  No.  1,  which  has  considera- 
ble size,  and  is  called  "  Mary's  Lake."  I  learned  from  the 
owner  of  the  land  that  its  depth  is  eighteen  feet  The  map 
here  given,  shows  with  approximate  correctness,  the  distribu- 
tion of  the  kettle-holes,  and  also  the  direction  of  the  longer 
axe?.  By  a  glance  at  the  map  it  will  be  seen  that  the  general 
trend  of  the  longer  axes  is  nearly  that  of  the  terminal  moraine. 

Some  few  kettle-holes  were  found  with  circular  depressions 
and  these  were  omitted,  but  all  with  the  longer  diameter  trans- 
verse to  the  general  trend  were  measured  and  recorded. 

Over  the  hilly  region  to  tljc  northeast  of  Wood*8  Holl,  many 
of  the  gulleys  or  ravines  run  northeast  and  southwest,  about 
in  line  with  the  trend  of  the  Elizabeth  Island  ;  the  hills  also 
have  largely  this  direction.  The  small  bays  among  the  islands 
usually  liave  their  longest  axis  trending  approximately  north- 
east and  southwest. 

Some  of  these  kettle-holes  are  upon  a  truly  grand  scale :  as 
for  example  No.  61,  which  contains  several  smaller  within 
the  large  depression,  and  is  like  an  immense  amphitheater  with 
the  hills  rising  upon  every  side  of  it.  Its  highest  border  is 
one  hundred  and  fifty  feet  above  the  bottom  and  the  outlet  is 
forty  feet  above  the  small  lake  at  its  center;  and  on  the  south 
side,  near  its  border,  but  upon  still  higher  ground.  Ix) wider  No. 
6,  of  table  No.  2,  stands  projected  aj^ainst  the  southern  sky 
like  a  huge  sentinel  "as  the  observer  views  it  from  the  bottom 
of  this  immense  pit. 

It  occurred  to  me  before  entering  upon  this  study,  that  pos^ 
sibly  observations  on  the  direction  of  the  longer  axis,  the  sid^j;:;^ 
upon  which  the  highest  border  is  found,  position  of  the  outle^. 
distrihutioti,  etc.,  might  throw  light  on  the  origin  of  these  kettl^*.  ] 
holes.     Hut  there  seems  to  ijc   no  uniformity  in  any  of  thes^^ 
charaetcrs  except  the  first  and  second.     After  examining  all  tk^^ 
facts,  1  am  led  to  conclude  that  the  arrangement  of  this  ax.i.»j 
supports  the  theory  that  the  depressions  were  made  by  ice.     T/j 
many  cases  it  appears  as  if  a  long,  narrow  block  of  ice,  broken 
from  the  front  of  liie  glacier,  had  lodged  against  the  materia/ 
which  was  in  front  of  it,  and  then  had  become  covered  up  hy 
other  materials  ;   finally  on  melting  it  left  the  long  kettle-hole 
with  a  hi^li  soiithern  bonier.      A  couple  of  these  are  found  just 
at  the  e(lii:e  of  the  village  of  Wood's  IIoll,  while  in  many  others 
the  ap|)earance  suggests  that  the.  ice  mass  was  covered  hy  ma- 
terial from  the  northwest,  and  the  result  was  a  kettle-hole  with 
a  high  stce|)  northwest  border.     Many  of  the  kettle-holes  hav- 
ing either  a  high  border  on  tiie  southeast  or  northwest,  or  ap- 
proximating these  points,  seem  to  sustain  this  view.     In  the 


B.  F.  KooM—KetOe-Hdes  near  WoocTs  HoU,  Mass.    268 

stddy  of  the  geological  characters  of  the  eastern  part  of  Con- 
neciicut,  I  have  found  numerous  kettle-holes  in  the  middle  of 
wide  level  plains,  of  terrace  origin,  where  it  seemed  that  no 
known  cause  of  the  present,  except  stranded  ice,  could  make 
them.     It  was  ray  intention  to  have  given  further  study  to  the 
kettle-holes  of  Naushon,  in  order  to  ascertain  whether  the  ket- 
tle-holes are  more  numerous  on  the  northern  or  the  southern 
8lo])e  of  the   island.      I  could  command  time  for  only  one 
day's  work  upon  this  island,  and  in  it  was  assisted  by  l^rofessor 
Edwin   Linton,  of  Washington  College,  Penn. ;  and  I  did  not 
carry   the  investigation  far  enough   to  decide  with   certainty 
upon  the  point     As  to  those  upon  Nonamesset,  the  mainland, 
and  those  examined  on  Naushon,  the  facts  indicate  with  a  good 
deal  of  certainty  that  they  are  much  more  numerous  and  gen- 
erally larger  upon  the  northern  slope  than  upon  the  southern. 

The  observed  facts  pertait)ing  to  the  kettle-holes  are  given  in 
table  No.  1 ;  and  those  as  to  some  large  bowlders  in  table  No.  2. 
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XXXI. — Examination  of  Mr.  Alfred  R  Wallace's  Modifi- 
ion  of  tlie  Physical  T/ieory  of  Secular  Changes  of  Climate  / 
James  Croll,  LL.D.,  F.R.S. 

[CoDtiuued  trom  page  93.] 

the  examination  of  Mr.  Wallace's  main  argument,  I  shall 
der  it  first,  in  relation  to  physical  principles,  and,  secondly, 
lation  to  geological  and  paleontological  facts. 

^/ti/sics  in  relation  to  Mr.  Wallace's  Modification  of  the  Theory. 

le  .errand  modification,  that  during  the  height  of  the  glacial 
h  the  snow  and  ice  would  not  disappear  when  precession 
ght  the  winter  solstice  ri)und  to  perihelion,  I  have  already 
a  in  Mr.  Wallaces  own  words.  As  the  reasons  jwhich  he 
:ns  for  this  modification  are  very  briefly  stated  by  him,  I 
here  jzive  them  also  in  his  words. 

fier  describing  the  state  of  Northeastern  America  and  the 
:h  Atlantic,  to  which  I  have  already  alluded,  he  says: 

But  when  such  was  the  state  of  the  North  Atlantic  (and,  how- 
caused,  such  ?nttHt  have  been  its  state  during  the  height  of  the 
ial  ejjoch),  can  we  suppose  that  the  mere  ciiange  from  the 
lilt  sun  in  winter  and  near  sun  in  summer,  to  the  reverse, 
1  bring  about  any  important  alteration — the  physical  and  geo- 
hicid  atnsps  of  tjlaelation  remaining  unchanged?  For,  cer- 
y,  the  less  powerful  sun  of  summer,  even  though  lasting  some- 
t  longer,  could  not  do  more  than  the  much  more  powerful  sun 
luring  th(»  ])hase  of  summer  in  perih^llon^  while  during  the  less 
re  winters  the  sun  w^ould  have  far  less  power  than  when  it  was 
lly  near  and  at  a  very  much  greater  altitude  in  summer.  It 
IS  to  me,  there forc^  (piite  certain  that  whenever  e-^rtreme  glaci- 
1  lias  been  brought  about  by  high  eccentricity  combined  with 
rable  geographical  and  physical  causes  (and  without  this  com- 
\  ion  it  is  doubtful  whether  e:rtrenie  glaciation  would  ever  occur), 
the  ice-sheet  will  )iot  be  removed  «luriug  the  alternate  phases 
recession,  so  long  as  these  geojjraphical  and  physical  causes 
lin  unaltere<l.  It  is  true  that  the  warm  and  cold  oceanic  cur- 
s,  which  arc  the  most  important  agents  in  increasing  or  dimin- 
ig  glaciation,  depend  for  their  strength  and  efficiency  upon 
'omparative  extents  of  the  nortliern  and  southern  icc»-sheets; 
these  ice-sheets  cannot,  I  believe,  increase  or  diminish  to  any 
)rtant  extent  unless  some  geographical  or  physical  change  first 
lis." — p.  150. 

t^ain, — "  It  is  quite  evident  that  during  the  height  of  the  glacial 
:li  there  was  a  combination  of  causes  at  work  which  leci  to  a 
t*  portion  of  Northwestern  Europe  and  Eastern  America  being 
ed  in  ice  to  a  greater  extent  even  than  Greenland.     Among 
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these  causes  we  must  reckon  a  diminution  of  the  force  of  the  Golf. 
Stream,  or  its  being  diverted  froin  the  northwestern  coasts  of 
Europe ;  and  what  we  have  to  consider  is,  whether  the  alteration 
from  a  Ions;  cold  winter  and  short  hot  summer,  to  a  short  fiiild 
winter  and  lons^  cool  summer  would  greatly  affect  the  amount  of 
ice  if  the  ocean-currenta  remained  the  same.  The  force  of  these 
currents  are,  it  is  true,  by  our  hypothesis  modified  by  the  increase 
or  diminution  of  the  ice  in  the  two  hemispheres  alternately,  and 
they  then  react  uj>on  climate;  but  they  caimot  be  thus  chanL'od 
till  after  the  ice-accumulation  has  been  considerably  affected  hv 
other  causes/' — p.  148. 

There  are  some  further  rejisons  assigned,  which  will  be  con- 
sidered as  we  proceed. 

From  what  has  already  been  shown,  it  will  be  seen  that  the 
cau.scs  wljich  led  to  the  Glacial  epoch  may  be  classed  un»ler 
three  distinct  groups: — (1)  the  astronomical,  (2)  the  fJiysical, 
and  (8)  the  ge(»gr«]>hical.  This  threefold  division  is  distinctly 
recognized  by  Mr.  Wnllace  in  the  above  quotations,  as  well  a'*  in 
all  his  reasoning  on  the  subject  (»!'  geological  climate. 

In  the  astronomical  grouji  the  main  elements  are  the  two 
following  : — 1st.  A  high  state  of  eccentricity  producing,  on  the 
hemisphere  whoso  winter  solstice  happens  to  be  in  aphelion,  a 
long  and  cold  winter  with  a  short  and  hot  summer,  and  on  the 
other  liemisi)iiere,  whose  winter  solstice,  of  course,  at  the  time 
is  in  i^erihelion,  a  short  and  mild  winter  with  a  long  and  c^iol 
summer.  2d.  I'recession,  transferring  these  conditions  fromtlie 
ot»e  homisplKM'c  to  the  other  alternately  every  10,000  or  12,W0 
years.  Th(^  physical  elements  are,  of  course,  the  influence  of 
snow  and  ice,  ocean  currents,  a([Ueous  vajior,  clouds,  fogs, 
and  a  host  of  other  things  wjjich  have  already  been  discussed 
at  length;*  wiiih*  the  geographical  consist  of"  the  jmrticular  dis- 
tribution of  ljin<l  and  water,  elevations  or  depressions  in  the 
sea-bottom,  e(»ntour  of  the  sea-coast,  an*l  otlier  geographical 
conditions  inllueneing  the  How  of  ocean -currents. 

It  is  to  the  infiueiKre  of  physical  aijrenci<\s,  however,  that  ihe 
Glacial  epoch  is  nioiv  directly  due.  The  main  function  of  the 
astrononiical  agents  i>  to  set  and  keep  the  physical  agencies  in 
operation,  and  also  to  ffrkr/zn'tt'-  the  charnctcr  of  their  opera- 
tions. For  example,  the  ]>osition  of  the  winter  solstice  in  rela- 
tion to  the  aphelion  or  to  the  perihelion,  during  a  high  stale  of 
eccentricity,  determines  whether  the  physical  agencies  will  pro- 
duce on  a  given  lieniis])liere  a  glacial  or  a  warm  condition  of 
climate;  while  precession  determines  which  of  the  two  hemi- 
spheres shall  be  the  glaciated  and  which  the  warm.  In  one 
respect  we  may  say  that  the  astronomical  causes  produce  gia- 
ciation  by  means  of  the  physical  agencies. 
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le  geographical  conditioDs,  however,  cannot  properly  be 
dered  to  be  causes  in  the  sense  in  which  the  astronomical 
Dhysical  are.  They  are  more  properly  conditions  to  the 
uction  of  a  glacial  epocli  than  catises.  They  cannot  be 
to  act  ill  the  production  of  glaciation.  They  are  rather 
anent  and  passive  conditions  enabling  the  active  causes  to 
uce  their  required  eflfects.  Had  the  Glacial  epoch  resulted 
elevation  of  the  land,  ns  some  geologists  suppose,  then 
elevatioii  might  properly  be  said  to  have  been  the  cause  of 
Hacial  epoch  ;  but  the  Glacial  epoch  was  produced  by  no 
means,  nor  by  any  change  in  the  physical  geography  of 
lobe.  A  certain  geographical  condition  of  things  was,  of 
!e,  requisite  in  order  to  the  effective  operation  of  the  astro- 
cal  and  physical  causes.  This  condition  existed  at  the 
of  the  glacial  epoch  ;  and  it  is  only  in  this  sense  that  that 
1  can  be  referred  to  any  thing  geographical, 
is  true  that  a  cause,  as  Sir  VVilliam  ITarailton  states,  may 
rfined  as  '*  all  that  without  which  the  effect  would  not  hap- 
'  but  this  is  far  too  general  an  exf»re3sion  of  cause  for 
ical  purposes.  We  therefore  fix  on  the  particular  antece- 
or  antecedents,  throuj^h  the  activity  of  which  the  event  is 
ly  brought  about,  and  term  them  the  causes  of  the  event, 
he  others  the  necessary  conditions. 

iinnot  help  thinking  that  the  way  in  which  geographical 
itions  are  spoken  of  as  causes  of  the  Glacial  epocfi  has 
id  to  confusion. 

.ring  the  Glacial  epoch  there  were  frequent  submergences 
slevations  of  the  land,  or  rather  oscillations  of  sea-level, 
hese,  it  is  true,  would  produce  a  change  in  the  relative 
it  of  sea  and  land.  But  whether  we  suppose  it  to  have 
the  sea  which  rose  and  fell  in  relation  to  the  land,  or  the 
in  relation  to  Ijie  sea,  it  equally  follows  that  the  geo- 
lical  change  resulting  therefrom  could  not  possibly  have 
a  cause  of  the  glacial  epoch.  It  is  now  a  well-established 
bat  submergence  accompanied  glaciation  ;  the  glaciation 
have  been  that  which  led  to  the  submergence;  but  it 
1  not  }X)ssibly  have  been  the  submergence  which  led  to  the 
ation.  An  elevation  of  the  land  would  have  favored  gla- 
)n,  but  submergence  would  not.  Its  tendency  would  rather 
I  the  opposite  direction.  It  is  now  also  established,  that 
ig  the  continental  period,  or  period  of  elevation,  the  cli- 
was  warm  and  equable:  for  it  was  then,  as  has  been 
rked,  that  this  country  was  invaded  by  tropical  and  sub- 
eal  animals.  Now  it  is  equally  plain  that  the  elevation 
1  not  have  been  the  cause  of  the  heat.  Elevation  of  the 
might  produce  cold,  but  it  could  not  have  been  a  cause  of 
Qeat.    It   follows  therefore  that  the  geographical   change 
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resulting  from  submergence  or  elevation  of  the  land  cannot  be 
regarded  as  a  cause  of  the  glacial  epoch  ;  for  its  effect  on  cli- 
mate, if  it  had  any,  was  in  opposition  to  that  of  the  astronom- 
ical and  physical  agencies,  it  would  prove  a  hindrance  not  a 
help. 

Referring  now  to  Mr.  Wallace's  argument.  When  glacial 
conditions  in  the  North  Atlantic  attained  their  maximum  de- 
veloi>ment,  '*  Can  we  suppose,''  he  asks,  "  that  the  mere  change 
from  tlie  disUmt  sun  in  winter,  and  near  sun  in  summer  to  the 
reverse,  could  bring  about  any  important  alteration — the  phys- 
ical and  geographical  causes  of  glaciation  remaining  un- 
changed?" Ilere,  to  begin  with,  we  have  an  impossible  state 
of  things  assumed.     It  is  assumed  in  this  question  that  it  is 

f)ossible  for  the  winter  solstice  to  pass  from  aphelion  to  perihe- 
ion,  and  the  physical  causes  to  remain  unchanged.  It  is 
assumed  as  possible  that  the  astronomical  conditions  might  be 
reversed  without  a  reversal  of  the  physical. 

When  the  winter  solstice  is  in  aphelion  it  sets  in  operation 
many  physical  causes,  the  tendency  of  which  is  to  produce  an 
accumulation  of  snow  and  ice ;  but  when  the  solstice-p>oint 
moves  round  to  the  perihelion,  the  tendency  of  these  causes  is 
reversed,  and  they  then  undo  what  they  had  previously  done — 
melt  the  snow  and  ice  which  they  had  just  produced.  Now, 
what  Mr.  Wallace  asks  is  this:  When,  owing  to  the  winter 
solstice  being  in  aphelion  during  a  high  state  of  eccentricity,  a 
glacial  condition  of  tliin»^s  is  produced,  will  the  fact  of  the 
solstice-point  being  moved  round  to  perihelion  remove  the  gla- 
cial condition,  if  the  physical  cafxscs  remain  unchanged  in  Oteir 
mode  of  operation  ^  My  reply  is,  it  certainly  would  not.  Here 
it  is  assumed  that  the  physical  causes  are  working  in  opposition 
to  the  astronomical ;  that  when  the  solstice  is  in  perihelion  the 
action  of  the  {physical  causes,  instead  of  being  reversed,  as  it 
should  be  acconling  to  theory,,  still  continues  to  produce  and 
maintain  a  glacial  stiite  of  things,  the  same  as  it  did  when  the 
solstice-point  was  in  aphelion  ;  and  he  asks,  will  the  astronomical 
cauises  in  this  struggle  manage  to  overpower  the  physical  and 
j)roduce  a  melting  of  the  ice  :  I  unhesitatingly  reply,  no:  for 
the  physical  causes  are  far  more  powerful  than  the  astronomical. 
The  astronomical  causes,  as  we  have  seen,  are  perfectly  unable 
to  prodiu^c  a  glacial  state  of  things  without  the  a?*^  of  the  phys- 
ical. How,  tiien,  could  we  expect  that  they  could  remove  this 
glacial  state  if  the  physical  causes  were  actually  working 
apiinst  them. 

In  thus  setting  the  physical  causes  against  the  astronomical, 
Mr.  Wallace  is  basing  his  argument  for  the  non-disappearance 
of  the  snow  and  ice  on  a  state  of  things  which  cannot  possibly 
under  the  circumstances  exist     His  question,  to  have  consist- 
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ency,  should  be  this : — When  glacial  conditions  were  at  their 
height,  &C.,  "can  we  suppose  that  the  mere  change  from  the 
distant  sun  in  winter  and  the  near  sun  in  summer,  to  the  re- 
verse, could  bring  about  any  important  alteration — the  geo- 
graphical  cnuaes  of  glaciation  remaining  unchanged?"  If  the 
question  is  put  thus,  and  it  is  the  only  form  in  which  it  can  be 
put  to  be  consistent  with  the  theory  which  Mr.  Wallace  him- 
self advocates,  then  my  reply  is,  that  the  change  from  the 
distant  sun  in  winter  and  near  sun  in  summer  to  the  near  sun 
in  winter  and  distant  sun  in  summer,  aided  by  the  change  in 
the  physical  causes  which  this  would  necessarily  bring  about, 
would  certainly  be  sufficient  to  cause  the  snow  and  ice  to  dis- 
appear without  any  change  in  the  geographical  condition  of 
things.  The  combined  influence  of  the  astronomical  and  phys- 
ical causes,  when  the  winter  solstice  is  in  perihelion,  is  perfectly 
sufficient  to  undo  all  that  they  had  previously  done  when  the 
solstice  was  in  aphelion.  When  the  action  of  the  causes  is 
reversed,  the  effects  will  be  reversed. 

Had  the  Glacial  epoch  been  pi%duced  by  geographical  causes, 
then  it  is  probable  that  the  ice  would  not  have  disappeared  till 
these  causes  were  changed.  Had  the  ice,  for  example,  been 
simply  due  to  an  elevation  of  the  land,  as  some  have  argued, 
then  it  would  not  likely  have  disappeared  till  the  land  became 
lowered.  But  it  was  the  result  of  no  such  cause.  It  was  due, 
not  to  an  elevaticm  of  the  land,  but  to  a  number  of  physical 
causes,  brought  into  operation  by  a  high  state  of  eccentricity. 
This  Mr.  Wallace  fully  admits  and  maintains.  A  certain  geo- 
graphical state  of  things  was,  of  course,  necessary  to  enable  the 
astronomical  and  physical  causes  to  produce  the  required  efiect; 
and  this  was  really  all  that  geographical  conditions  had  to  do  in 
the  matter.  Let  this  be  observed,  however,  that  the  same  geo- 
graphical  condilion  of  things  which  favors  the  accumulation  of 
ice  when  the  winter  solstice  is  in  aphelion,  favors  its  disappear- 
ance when  the  solstice  is  in  perihelion.  This  is  obvious,  be- 
cause the  same  combination  of  physical  agencies  which  makes 
the  hemisphere  in  aphelion  cold,  makes  the  one  in  perihelion 
warm.  The  heating  of  the  one  is,  to  a  large  extent,  the  result 
of  the  cooling  of  the  other.  It  is  the  trausference  of  heat  by 
ocean-currents  from  the  hemisphere  in  aphelion  to  the  one  in 
perihelion  which  is  a  main  reason  why  the  former  is  cold  and 
the  latter  warm.  Hence  a  change  in  geographical  conditions  is 
unnecessary  for  the  disappearance  of  the  ice  on  the  hemisphere 
with  the  perihelion  winter,  whether  that  hemisphere  be  the 
northern  or  the  southern. 

The  tendency  of  the  combined  influence  of  all  the  causes — 
astronomical,  physical,  and  geographical — is  to  cool  the  one 
hemisphere  and  to  warm  the  other,  to  accumulate  the  ice  on  the 
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one  and  remove  it  from  the  other.  Consequently  the  same 
total  combination  of  causes  which  will  produce  an  accumula- 
tion of  ice  on  cither  hemisphere  when  the  winter  solstice  is  in 
aphelion  will  produce  a  melting  of  that  ice  when  the  solstice 
move<  round  the  jimhelion. 

Another  irnpossfUr  cotulition  assumed, — ^  *' What  we  have  to 
consider/*  savs  Mr.  Wallace,  "is  whether  the  alteration  from 
a  long  cold  winter  and  short  hot  summer,  to  a  short  mild  win- 
ter and  loiig  cool  summc^r,  would  jrreatly  affect  the  amount  of 
ice  If  ilt^  ocmn-curi\'.nts  remained  the  sameJ*'  Here,  again,  we 
have  an  itn possible  suite  of  things  assumed.  It  is  assumed 
that,  notwithstanding  the  change  from  an  aphelion  to  a  perihe- 
lion winter,  the  ocean-current^  would  still  remain  the  same. 
And  it  is  askud,  would  the  astronomical  causes  in  this  case 
remove  tlu^  glaciation.  I  would  be  disposd  to  say  that  thev 
would  not. 

"The  force  of  these  currents,"  he  adds,  *' are,  it  is  true,  bv 
our  hypoihesis  modified  by  the  increase  or  <liminution  of  the 
ice  in  the  two  hemispheres  jflternately  (they  depend  for  their 
strength  and  efHciency  uj)on  the  comparative  extent  of  the 
northern  and  southern  ice-sheets),  and  they  then  react  upon 
climate;  but  they  cannot  be  thus  changed  till  after  the  ioe- 
accumul.'Uion  has  been  eonsiderablv  aflected  by  other  causes.'' 

What,  then,  are  the  other  causes  which  aliect  the  ice-accumu- 
lation an«l  thus  lead  to  a  change  iti  the  ocean  currents  f  '*  These 
ice  slu'cts  (.'annot,  I  believe,"  says  Mr.  Wallace,   ''increase  or 
diminish  to  any  important  extent  unless  some  fjeotjrnphkal  or 
phf/afcal  rlijingo  lirst  (xrcurs."     The  first  thing  required  to  affect 
the  ico-a<-cumulation     is   thus    a    geographical    or   a    pliysit'al 
change.     But  we  have  just  seen  that  the  character  of  the  phys- 
ical causes  de|KMids  u]»ofi  the  astronon)ical.     A  change  from  a 
louLT  cold  wititer  and  short  hot  summer  to  a  short  mild  winter 
an<l   long  cool   summer  would   njvei'st!  the  operations  of  the 
physical  rauses  and  lead  to  a  melting  of  the  ice.     The  physical 
causes  therefore   ofl'er  no  barrier.     What  more  do  we  still  re- 
quire?    Tliis  we  have  in  the  following  foot-note  at  ])age  150: — 
" '^IMie  oc«;;in-eurrents   arc   mainly  due  to  the  tiitVerence  of  tem- 
perature of  tin?  polar  and  equatorial  areas  combined  with  the 
peculiar  Ibrni  and  position  of  the  continents,  and  some  one  or 
more  of  riiese  factors  must  \n\  altered  hf^fbrr  the  ocean-currents 
towards  the  North  Pole  can  be  increased." 

One  of  these  factt)rs — change  in  the  form  and  i>osition  of  the 
continent's — may  be  left  out  of  e()nsideration  for  we  have  no 
evidence  of  any  sucii  change  during  the  Glacial  epoch,  except 
one  which,  as  has  been  already  j)roved,  could  have  had  no  effects 
We  must  tlierefop'  look  to  a  change  in  **  the  difference  of  tein- 
perature  of  the  polar  an«l  equatorial  areas"  for  any  increase  iti 
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ihe  currents  towards  the  North  Pole.  And  in  order  to  bring 
about  this  change,  "  the  only  available  factor/'  Mr.  Wallace 
states,  "is  the  antarctic  ice;  if  this  were  largely  increased,  the 
north  ward -flowing  currents  might  be  so  increased  as  to  melt 
some  of  the  arctic  ice.  But  without  some  geographical  change 
the  antarctic  ice  could  not  materially  diminish  during  its  winter 
perihelion,  nor  increase  to  any  important  extent  during  the  op- 
posite phase.  We  therefore  seem  to  have  no  available  agency 
Dy  which  to  get  rid  of  the  ice  over  a  glaciated  country,  so  long 
as  the  geographical  conditions  remained  utichanged  and  the 
eccentricity  continued  high." 

According  to  Mr.  \Vallacc»,  the  only  available  factor  to  pro- 
duce a  difference  of  temperature  between  the  south-polar  area 
and  the  equator,  so  as  to  increase  the  north-flowing  currents 
and  til  us  melt  the  arctic  ice,  would  be  an  increase  of  the  antarc- 
tic  ice ;  but   tins  he  considers  impossible  without  some  geo- 
graphical  change.     Without  such  a  change,    the  antarctic   ice, 
he  maintains,    would    neither    be   increased    nor   diminished. 
Hence  it  follows  that  without  this  change  there  is,  according 
to  Mr.  Wallace's  theory,  no  possibility  of  getting  quit  of  our 
northern  ice  during  interglacial  periods. 

This  sweeping  conclusion  seems  to  be  based  on  two  assump- 
tions, l)Oth  of  which  appear  to  me  to  be  erroneous.  First,  that 
tlie  '*only"  factor  available  is  the  anturctic  ice  :  and,  secondly^ 
liiat  the  antarctic  ice  can  neither  be  increased  nor  diminished 
without  some  geographical  change. 

A  Geographical  change  not  necessary  in  ord^r  to  remove  Uie 
Antarctic  Ice. — In  reference  to  the  first,  that  the  antarctic  ice  is 
the  **otily'' available  factor,  I  shall  presently  show  that  there 
are  other  causes  affecting  the  northward-flowing  currents  as 
|K)werfully  as  the  antarctic  ice.  As  to  the  second,  that  the 
antarctic  ice  can  neither  be  iiicrejised  nor  diminished  materially 
without  some  geographical  change,  this  is  an  assumption  based, 
DO  do»ibt,  on  the  opinion  which  he  holds  that  the  antarctic  ice 
is  due  to  the  elevated  nature  of  that  continent.  Of  course  if 
this  opinion  be  correct,  then,  without  a  lowering  of  the  land, 
the  ice  can  never  disappear  or  be  greatly  changed  in  amount 
bv  astronomical  or  physical  causes.  But  from  what  has  already 
been  state<l  in  a  former  article*  in  reference  to  the  condition  of 
the  antarctic  continent,  I  think  it  is  likely  that  it  consists  of 
low  dismembered  land  or  of  groups  of  flat  islands  little  eleva- 
ted above  sea-level,  but  all  fused  together  by  one  continuous 
sheet  of  ice.  In  fact,  it  seems  highly  probable  that  a  very 
lai^e  portion  of  the  ice  rests  on  a  surface  which  is  under  the 
fiea-level. 

*'The  Ice  of  (ireenlaud  and  the  Antarciic  Continent  not  due  to  Klevation  of 
the  Land."  Phil.  Magp.  November,  1883. 
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If  this  be  the  case,  the  antarctic  ice  is  just  in  the  condition 
admitting  of  its  being  easily  modified  by  warm  currents  from 
equatorial  regions.  In  fact  at  the  very  present  day,  as  Dr. 
Neuraayer  has  shown,  the  slight  southward  deflections  of  the 
warm  westerly  drift-current  cause^l  by  the  projecting  land- 
masses  of  Australia,  Africa,  and  South  America,  cut  notches  in 
the  ice-cap.  When  the  southern  winter  solstice  was  in  perihe- 
lion during  the  glacial  epoch,  it  is  probable  the  greater  part  of 
the  ice  then  disappciired. 

In  fact  this  is  a  result  which  would  be  even  still  more  likely 
to  occur  were  the  views  held  by  Sir  Joseph  Dalton  Hooker  and 
some  others  as  to  the  nature  of  the  antarctic  ice  proved  to  be 
correct.  Sir  Joseph  thinks  that  much  of  the  Antarctic  ice- 
sheet,  thousands  of  feet  in  tliickness  as  it  is,  was  formed  by  the 
successive  accumulations  of  snow  year  by  year  on  pack-ice. 
The  snow  fall  in  the  Antarctic  regions  he  believes  to  be  enor- 
mous during  both  summer  and  winter;  ami  as  but  a  very  small 
portion  of  it  melts,  the  accumulated  snow  is  perfectly  sufficient 
to  form  such  a  sheet  lie  does  not  consider  that  there  is  laud 
enough  in  the  south-polar  area  to  supply  ihe  astounding  num- 
ber and  gigantic  size  of  the  icebergs  that  infest  the  ocean  be- 
tween lat  50°  and  70°.  If  this  theory  of  Sir  Joseph's  be  cor- 
rect, and  that  immense  masses  of  the  ice  be  really  afloat,  we 
can  easily  understand  how  the  whole  might,  during  a  southern 
interglacial  period,  be  broken  up,  dispersed,  and  melted  hy  an 
inflow  of  equatorial  water. 

I  think,  however,  that  the  whole  of  that  enormous  sheet  from 
which  the  icebergs  are  derived  must  be  resting  on  the  ground, 
although  it  is  very  likely,  as  has  been  shown  on  a  former  occa- 
sion,* that  a  very  large  portion  of  it  may  be  on  the  sea-bottom. 
The  weight  of  evidence  seems  to  be  in  favor  of  the  opinion 
that  tiiere  is  much  to  favor  the  assumption  that  there  are  large 
areas  within  the  antarctic  circle  consisting  of  low  flat  groups  of 
islands  separated  by  broad  and  shallow  seas  which  have  all 
become  tilled  with  solid  ice.  It  is  quite  possible  that  the  ice 
fillintr  these  seas  may  have  originated  in  pack-ice,  which  ulti- 
njately  beenme  convcrtt'd  into  a  solid  and  continuous  sheet  by 
lung  ages  of  successive  snowfalls.  As  layer  after  layer,  con- 
verted into  ice,  was  being  heaped  u|)on  it  year  by  year,  the 
mass  would  gradually  sink  till  it  resterl  on  the  sea-lwttom.f 

*  Phil.  Miijr.,  Noveiiil.or,  ISs;).  p.  is^T. 

f  111  thin  o|iimon  1  am  ^'Iml  to  timl  tluii  Sir  •lo'^epli  t')  :i  (H-rtniii  extent  cvmi-iri 
for  in  a  letter  to  me  on  the  suhjoet  In*  s;iys  : — "  I  cannot  doubt  but  tliat  the  it*- 
ber^rs  ]mv«.-  oripnati-d  from  the  ice  of  tlm  ^reai  soiitliern  barrier:  and  wh:it  I 
suyix-et  is  that  miieli  of  tliis  barrier-loo  orjtrinat'.'d  in  p:ii'k-i(re  over  very  shallow 
bays,  increased  by  siuv<ss*ive  snowfalls.  Tlic  iiiianiity  nf  snow  that  falls  in  fum* 
mer  is  enormous  sontli  ol'  latitude  TiO  -♦]().  Certainly  it  fell  on  half  the  days  of 
each  summer  month  during  the  tinoe  seasons  we  spent  in  il)utK.>  seas,  and  I  thmc 
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ifter  this  it  would  assume  all  the  characteristics  of  continental 
:e.  In  fact  we  have  a  condition  of  things  exactly  similar  in 
le  North  Sea  during  the  height  of  the  glacial  epoch  (see  ^Cli- 
laie  and  Time,'  p.  449). 

If  such  be  the  condition  of  the  antarctic  ice,  we  can  readily 
nderstand  how  it  might  all  soon  disappear  under  the  influence 
liicli  would  be  brought  to  bear  upon  it  were  the  eccentricity 
igh  and  the  southern  winter  solstice  in  perihelion.  The  warm 
ad  equable  conditions  of  climate  which  would  then  prevail,  and 
le  enormous  quantity  of  intertropical  water  carried  into  the 
outhern  Ocean,  would  soon  produce  a  melting  of  the  ice, 
•ayer  after  layer  would  disappear  oft*  the  surface,  and  as  soon 
3  the  weight  of  the  sheet  became  less  than  that  of  the  water 
'hich  it  had  displaced,  the  sheet  would  float.  After  this  it 
rould  no  doubt  shortly  break  up  and  become  dispersed. 

Other  causes  than  Antarctic  Ice  affecting  the  Northward-flowing 
Currents. — If  we  consider  the  effect  which  the  present  amount 
)f  eccentricity,  small  as  it  is,  has  on  the  climatic  condition  of 
lome  parts  of  the  southern  hemisphere,  we  shall  readily  under- 
!tand  how,  during  the  glacial  epoch,  the  warm  water  of  this 
hemisphere  may  have  been  impelled  northward,  even  indepen- 
dently of  the  influence  of  the  antarctic  ice.  In  order  to  show 
ihe  present  effect  of  eccentricity  on  climate  I  cannot  do  better 
than  quote  Mr.  Wallace's  own  words  on  the  subject.  Referring 
to  iis  effects  on  south  temperate  America,  he  says  : 

**  Those  persons,  who  still  doubt  the  effect  of  winter  in  aphelion 
with  a  high  degree  of  eccentricity  in  producing  glaeiation,  should 
consider  how  the  condition  of  south  temperate  America  at  the 
present  day  is  ex})licable  if  they  reject  this  agency.  The  line  of 
perpetual  snow  in  the  southern  Andes  is  so  low  as  6000  feet  in  the 
same  latitude  as  the  Pyrenees;  in  the  latitude  of  the  Swiss  Alps, 
mountains  only  6*200  leet  high  produce  immense  glaciers  which 
descend  to  the  sea-level ;  while  in  the  latitude  of  Cuniherland, 
mouiitains  only  from  3000  to  4000  IVet  high  have  every  valley 
filled  with  streams  of  ice  descending  to  the  sea-coast  and  giving 
off  abundance  of  huge  icebergs.  Here  we  have  exactly  the  con- 
dition of  things  to  which  England  and  Western  Europe  were  sub- 
jecteil  during  the  latter  portion  of  the  glacial  epoch,  when  every 
valk'v  in  Wales,  Cumberland,  and  Scotland  had  its  glacier ;  and  to 
what  can  this  state  of  things  be  imputed,  if  not  to  the  fact  that 

n  one  month  snow  fell  tvei-y  day.  There  is  no  summer  melting  of  snow  an<l  ice 
D  the  Antarctic  as  there  is  in  the  Arctic  regions.  It  is  the  only  region  knuwn  to 
06  when  there  is  perpetual  snow  on  land  at  sea-level." 

Xow  if  the  snow  which  falls  in  the  Antarctic  regions  at  the  sea-level  does  not 
11  melt  but  some  of  it  remains  year  by  year,  tlien  permanent  ice  Ibmied  at  ihe 
strlevel,  whether  it  be  on  frozen  pack  or  on  the  ground,  must  be  a  necessary 
>D8equeDce.     If  this  be  so.  it  cannot  be  true,  as  Mr.  Wallace  atlirms,  that  there 

fio  permanent  ice  formed  but  on  high  land. 
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there  is  now  a  moderate  amount  of  eccentricity  and  the  wiottr 
of  the  soutliern  hemisphere  is  in  aphelion  f    The  mere  geognph- 
icnl  position  of  tlic  southern  extremity  of  America  does  not  seen 
especially  favorable  to  the  production  of  such  a  state  of  glaciation. 
The   land  narrows  from  tiie  tropics  southward,  and    termioatei 
altoorether  in  about  tiie  latitude  of  Edinburgh ;  the  mountains  are 
of  moderate  height ;  while  during  summer  the  sun  is  three  millioni 
of  miles  nearer,  and  the  heat  received  from  it  is  equivalent  to  a 
rise  of  20°  F.  as  compared  with  the  same  season  in  the  northern 
hemisphere." — P.  142. 

In  a  similar  ghicial  comlition  are  the  islands  of  South  Geor- 
gia, South  Slietland,  Graham  Land,  Enderby  Land,  Sandwich 
Land.  There  can  be  little  doubt  that  the  present  extension  of 
ice  in  the  antarctic  regions  is  tx)  a  considerable  extent  due 
'also  to  the  influence  of  eecentricit}'. 

Let  us  now  glance  for  a  moment  at  the  influence  which  this 
state  of  things  has  at  present  on  northward-flowing  currents. 
One  reisult  is  tliat  the  southeast  trades  are  stronger  than  the 
northeast,  and  as  a  consequence  blow  over  on  the  northern  j 
hemisphere  ten  or  fifteen  degrees  beyond  the  equator.  Thii 
has  the  effect,  as  has  been  shown  (*  Climate  and  Time/  chap- 
ters V  and  xiii,  and  other  places),  of  impelling  the  warm  sur- 
face-water of  the  soutliern  intertropical  regions  over  on  the 
northern  hemisphere.  It  is  possible  that  the  greater  strength  of 
the  south -cast  trades  may  to  some  extent  be  due  to  the  prepon- 
derance of  ocean  on  the  southern  hemisphere;  but  there  can 
be  little  doubt  that  it  is  mainlv  the  elFect  of  eccentricitv. 

The  result  of  this  transference  of  water  from  the  southern 
to  the  northern  hemisphere  is  that  the  intertropical  waters  of 
thi^  northern  hemisphere  are  between  three  and  four  degrees 
warmer  than  those  of  the  southern.  Another  result  which 
follows,  as  has  also  been  shown,  is  that  the  great  eauatorial 
currents  are  made  to  lie  at  some  distance  to  the  north  of  the 
equator;  hence  when  they  are  impelled  against  the  American 
an<i  the  Asiatic  continents,  and  become  deflected  northwards 
and  southwards,  the  larger  portion  of  the  water  goes  to  the 
north,  and  thus  raises  the  temperature  of  the  northern  heini- 
s])lure.  Now  if  all  this  results  as  a  consequence  from  the 
pn^sent  small  amount  of  eccentricitv,  how  much  greater  must 
have  been  the  efl'ect  during  the  glacial  epoch,  when  the  eccen- 
triciiy  was  more  tliati  three  times  its  present  value  and  the 
soutliern  winter  also,  as  now,  in  aphelion!  All  those  eft'octs 
which  we  have  just  been  considering  would  then  have  been 
niaf:nified  far  more  than  threefoM. 

Climatic  coiifiitions  of  the  tico  /Jem {.spheres  Oie  reverse  10,000 
or  12,000  years  ayo:  Argument  from, — Ten  or  twelve  thousand     _ 
years  ago,  when  our  northern  winter  solstice   was  last  in  aph^     1 
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lion,  the  olimatic  conditions  were  in  all  probability  the  reverse 

of  what  they  are  at  present.     There  appears  to  be  pretty  good 

geological  evidence  that  such  was  the  case.     This,  under  the 

present  small  amount  of  eccentricity,  shows  not  only  to  what 

an  extent  climate  is  aflFected  by  eccentricity,  but  also  (and  with 

this  we  are  at  present  more  particularly  concerned)  that  its 

tendency  is  to  cool  the  one  hemisphere  and  warm  the  other,  to 

tccunmlate  the  snow  and  ice  on  the  one  and  melt  them  on  the 

other.     And  this  result,  to  a  large  extent,  is  doubtless  brought 

about  by  it^  influence  on  ocean-currents. 

There  are  good  reasons  for  concluding,  as  Prof.  J.  Geikie 
has  fully  shown,*  that  at  a  very  recent  date  (during  the  time  of 
the  formation  of  the  40-feet  raised  l)each  and  the  deposition  of 
the  Carsc-clays)  the  climate  was  much  colder  than  it  is  at  pres- 
ent The  seas  surrounding  our  Island  appear  to  have  had  a 
low(^r  temperature  than  the}''  have  at  present:  and  our  High- 
Lind  valleys  seem  to  have  been  occupied  by  local  glaciers. f 

The  Carse-clays  of  Scotland  are  best  develoi.>ed  in  the  val- 
leys of  the  Tay,  the  Earn,  and  the  Forth.  These  deposits 
consist  of  finely  laminated  clays  and  silt.  **  Now  and  again," 
«ays  Prof.  J.  Geikie,  ''  the  dei)Osits  consist  of  tough  tenacious 
brick-clay,  which  does  not  differ  in  appearance  from  similar 
brick-clays  of  glacial  age.''  The  clay  is  usually  free  from 
stones,  but  occasionally  blocks  of  six  inches  or  a  foot  in  diame- 
ter are  found  in  it;  and  Prof.  J.  Geikie  mentions  having  seen 
one  four  feet  in  thickness.  Stories  of  this  size  in  a  fine  lamin- 
ated clay  evidently  indicate  the  presence  of  floating  ice.  But, 
as  Prof.  Geikie  remarks,  **it  is  rather  the  general  character  of 
the  clays  themselves  than  the  presence  of  erratics  which  indi- 
cates colder  climatic  conditions.  The  fine  tenacious  brick-clays 
are  not  like  the  dark  sludge  and  silt  which  now  gather  upon 
the  estuarine  bed  of  the  Tay,  but  resetnhle  and  in  some  cases 
are  identical  in  character  with  the  laminated  clays  of  true  gla- 
cial atre  with  arctic  shells."  These  Carse-clavs,  as  lie  further 
remarks,  appear  in  a  large  measure  to  be  made  up  of  the  fine 
*' flour  of  rock"  derived  from  the  grinding  action  of  glaciers 
which  then  occupied  the  Highland  valleys,  and  from  which 
muddy  waters  escaped  in  large  quantities  in  summer  owing  to 
the  meltitig  of  the  snow  and  ice.  In  short,  these  Carse-clays 
appear  to  coincide  with  the  most  recent  period  of  local  glaciers. 
During  that  period  some  of  the  glaciers,  as  Professor  J. 
Geikie  has  shown,  appear  to  have  even  reached  the  sea-level. 

*■  Prehistoric  P^iiropo.' 

Hn a  paper  "On  the  Obliquity  of  the  Kcliptic,"'  read  before  the  GeDlo^ical 
Society  of  Glasgow  in  1807.  1  concluded  that  at  the  time  of  the  deposition  of 
the  Cawe-clays  the  mean  winter  temperature  was  probably  10  or  l.'»'  lower  than 
at pretent,  ami  the  Gulf-stream  con!*ideraV»ly  reduced.  See  also  ■Climate  and 
Time;  pp.  403-410. 
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For  example,  at  the  mouth  of  Glen  Brora,  in  Sutherland,  there 
is  a  well-marked  moraine  with  large  blocks  resting  upon,  and 
apparently  of  the  same  age  as,  the  de}>osits  of  the  raised  beach  * 
Mr.  Robert  Chambers  also  observed  moraine  matter  resting 
upon  the  30feet  beach  at  the  opening  of  Glen  lorsa,  in  Arran. 
In  many  of  the  Highland  sea -lochs,  says  Professor  J.  Geikie, 
glaciers  appear  to  have  come  down  to  the  sea  and  calved  their 
icebergs  there.  This,  he  thinks,  is  probably  the  reason  why 
the  40-50-feet  beach  is  nt;t  often  well  seen  at  the  heads  of  such 
sea-locijs.  The  glaciers  seem  in  many  cases  to  have  flowed  on 
for  some  distance  into  the  sea,  and  thus  prevented  the  forma- 
tion of  a  beach  and  cl it!- line.- 

The  greater  magnitude  and  torrential  character  of  the  rivers 
of  that  period  were  no  doubt  due  to  the  melting  during  sura- 
mer  of  great  masses  of  snow  and  ice.  The  presence  of  the 
large  Greenland  whale,  found  t're(iuently  in  the  Carse  deposits, 
would  seem  to  indicate  a  somewhat  colder  sea  than  now  sur- 
rounds our  island.  A  decrease  of  temperature  of  the  sea  is 
what  would  necessarily  occur  from  a  slight  diminution  in  the 
volume  of  the  Gnlf-stream,  arising  from  the  greater  deflection 
of  equatorial  water  into  the  southern  hemisphere. 

Another  circumstance  deserves  notice  here,  as  it  eeeins  to 
indicate  that  the  climatic  conditions  of  the  two  hemispheres 
were  at  the  period  of  the  Carse  clays  the  reverse  of  what  they 
are  at  present.  During  that  period  the  sei\  stood  higher  in 
relation  to  the  land  than  it  does  at  the  present  time,  l^o  this 
circumstance  alone  no  great  inif)ortance  can  be  attached :  but 
when  we  consider  in  addition  that  submergence  luis  almost  in- 
variably accompanied  t^laciation,  we  may  regard  it  as  highly 
))rob€ibic  that  the  .'^ubmcrgencc  at  the  period  in  question  was 
the  result  ol"  a  greater  amount  of  ice  on  the  northern  hemis- 
phere ami  a  less  amount  on  the  southern,  than  now.  This 
probability  is  further  increased  by  the  fact  that  during  the 
«rrowth  of  the  ancient  Forest,  which  immediatelv  underlies  the 
Carsc-clays,  and  indicates  a  condition  of  climate  even  more 
warm  stnd  equable  than  the  ])rcscr)t,f  the  sea  stood  not  only 
higher  in  relation  to  the  land  than  it  did  during  the  time  of 
the  deposition  of  the  Carse-clays,  but  somewhat  higher  than  it 
does  at  present.  The  buried  Forest  doubtless  belongs  to  the 
period  10,nOO  or  Tijjno  years  prior  to  that  of  the  Carse-clavS:t 
when  the  winter  solstice  was  in  ])erihelion;  and  at  this  tiuie, 
owing  to  a  sorncwiiat  great(?r  amount  of  eccentricitv  than  ;it 

*  •  PrrliifJtorii'  K.iimin  .'  p.   111. 

f  Those  who  tlimbr  th»'  o«|u;il»l(.'  ami  waruKT  churaotor  of  the  cliinaie  of 'i:e 
suhiiiiirine  r«n»st-in.*i.l  jii-riinl  hli(tiil<l  t^iudv  the  iiiass  oi"  i*videijce  on  ihi>  ji'iat 
jjciven  hi  '  I'n.*hi.-:ti»ric  i-)iin»|»i.*.' 

X  Kor  tho  i)rol»al)le  ilai«s  «»f  (In;  <'ar.si."-(?lays  and  thr  submarine  Forest-bctii"  *J 
Appondix. 
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ssent,  the  quantity  of  ice  on  the  southern  hemisphere  might 
expected  to  be  greater  and  that  on  the  northern  less  than 
w. 

Thus  when  the  northern  winters  were  last  in  aphelion  there 
is  a  rise  of  sea-level,  resulting  doubtless  from  a  preponder- 
ce  of  ice  on  the  northern  hemisphere ;  but  when  the  buried 
)rest  flourished  10,000  or  12,000  years  prior,  the  winters  were 
perihelion,  and  there  was  a /all  of  sea-level,  due  in  all  likeli- 
>od  to  the  preponderance  of  ice  on  the  southern  hemisphere, 
lit  this  is  not  all :  the  strata  which  underlie  the  buried  Forest 
'ar  witness  to  another  rUe  of  sea-level. 

These  changes  of  climatic  conditions  and  oscillations  of  sea- 
vel,  which  took  place  during  the  latter  part  of  the  Postglacial 
griod,  are  Just  what  should  have  taken  place  on  the  supposi- 
on  that  they  were  the  result  of  those  astronomical  and  phys- 
•al  agents  which  we  have  been  considering.  Thus,  imme- 
iately  preceding  the  Present  period  we  have  that  of  the  26- 
ud  -iO-feet*  raised  beaches  and  the  Carse  deposits,  which 
idicate  that  the  climate  was  then  more  severe  and  the  sea 
Dmewhat  colder  and  standing  at  a  higher  level  than  at  present 
^ow  during  this  Recent  period  our  northern  winter  solstice 
ras  in  aphelion,  and  the  condition  of  things  is  exactly  what, 
ccording  to  theory,  we  ought  to  expect. 
Preceding  the  ])eriod  of  the  Carse-clays  comes  that  of  the 
uried  Forest,  when  the  climate  was  even  more  genial  and 
r^aable  than  at  the  present  day,  the  Gulf-stream  larger  and  the 
?a  at  a  lower  level  than  now.  Now  during  this  period  the 
inter  solstice  was  in  perihelion  and  the  eccentricity  somewhat 
reater  than  at  present;  and  here  again  we  have  exactly  that 
jndition  of  things  which,  according  to  theory,  we  ought  to 
xpect.  It  would  be  very  singular  indeed  were  there  no  phys- 
■al  connection  between  these  conditions  and  the  causes  to 
hich  I  have  l>een  attributing  them.  It  would  certainly  be 
ingular  were  all  these  coincidences  purely  accidental.  These 
hanges  have  all  been  so  recent,  geologically  speaking,  and  so 
eneral  and  widespread  in  their  character,  that  tliey  cannot 
easonably  be  attributed  to  any  known  geogra]>hical  changes, 
f  we  admit,  then,  tliat  they  were  the  result  of  those  astrouom- 
L-al  and  physical  agents  to  which  1  have  referred  them, 
vemust  also  admit  that  those  agents  were  as  efficient  in  pro- 
iucinj^  a  warm  and  equable  climate  as  in  producing  a  cold 
ind  severe  one.  We  must  further  admit  that,  with  a  verj"^ 
imall  amount  of  eccentricity,  widely  marked  differences  of  cli- 

*At  cMie  liine  I  thought  t'l.'liniate  and  Tunc,'  p.  109)  that  the  40-reet  beach 
U:iirhi  helonpr  to  a  period  50,000  yoard  prior  to  the  Carse-clay>»;  but  I  am  now  sat- 
isfied that  tlic  two  b«;aches  both  belong  to  the  period  of  the  Carse-clavs,  us  Tro- 
feseor  J.  Geikie  has  shown. 
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matic  conditions  are  brought  about  on  the  two  hemispheres; 
that,  when  the  winters  are  in  perilielion,  the  melting  of  the 
snow  anJ  ice  and  the  increase  of  the  Gulf-stream  and  other 
north  ward -flowing  currents  are  as  necessary  a  result  as  were 
the  formation  of  the  snow  and  ice  and  the  decrease  of  the  Gulf- 
stream  and  those  currents  when  the  winters  were  in  aphelion. 
And  if  this  holds  true  in  reference  to  recent  and  postglacial 
times,  when  the  eccentricity  was  small,  it  must,  for  reasons 
which  will  i)resentl}'  be  stated,  hold  true  in  a  higher  degree  in 
reference  to  the  glixcial  epoch,  when  the  eccentricity  was  more 
than  three  times  its  present  value. 

7'Ae  Mutual  Reaction  of  the  Physical  Agents  in  relation  to  At 
Melting  of  ilie  Icr. — When  the  winter  solstice  is  in  aphelion  it 
sets  in  operation,  according  to  theory,  as  has  been  shown,  a 
host  of  physical  causes,  the  tendency  of  which  is  to  produce  ao 
accumulation  of  snow  and  ice;  but  when  the  solstice-point 
moves  round  to  perihelion  the  tendency  of  these  causes  is  re- 
versed, and  they  then  undo  what  they  had  previously  done— 
they  melt  the  snow  and  ice  which  they  had  just  produced. 
The  action  of  the  causes  being  reversed,  the  eilects  are  reversed. 
But  it  must  be  observed  that  the  greater  the  amount  of  tlie 
eccentricity,  the  greater  will  be  the  effect  resulting  from  the 
combination  of  these  physical  agents,  whether  that  effect  be 
the  }>roduction  of  snow  and  ico  on  the  cold  hemisphere,  or  the 
melting  of  them  on  the  warm — whether  it  be  their  production 
when  the  winter  solstice  of  a  hemisphere  is  in  aphelion,  or 
their  melting  when  that  solstice  is  in  perihelion. 

We  have,  however,  to  take  into  account  not  merely  the 
action  of  the  ])hysionl  agents,  but  their  mutual  reactions  on 
one  another.  The  ellect  of  this  mutual  reaction  is  very  strik-  ' 
ing.  Not  only  do  the  {)hysical  agents,  in  their  actions,  all  lead  \ 
to  one  result,  viz:  an  accumulation  of  snow  and  ice  when  the 
winters  are  in  aphelion,  but  their  efliciency  in  bringing  about 
this  result  is  actually  strengthened  by  their  mutual  reactions  ] 
on  oiic  another.  To  illustrate  this  efVect  I  quote  the  following  \ 
from  a  former  article  :  ] 

^To  begin  witii,  we   have  a  high  state  of  eccentricity.    This    \ 

leads  to  lon«'  :ind  cold  winters.     The  cold   leads  to  snow,  and    \ 

.       .  .  .  I 

althoujfh  heat  is  given  out  in  the  formation  of  the  snow,  yet  i 
the  liiial  result  i^*^  that  the  snow  intensifies  the  cold;  it  cools  \ 
the  air  and  leads  to  still  more  snow.  The  cold  and  snow  brine  j 
a  third  ugent  into  pluy— :/ofAS  which  act  still  in  the  same  direc-  j 
tion.  The  fogs  intercept  the  sun's  rays,  this  interception  of  the  { 
ra3's  diniinisluis  the  melting-i)ower  of  the  sun,  and  so  increases 
the  accumulation.  As  the  snow  and  ice  continue  to  acciima- 
late,  more  and  more  of  the  rays  are  cut  oft';  and  on  the  other 
hand,  as  the  rays  continue  to  be  cut  off,  the  rate  of  accumuia- 
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increases,  because  the  quantity  of  snow  and  ice  melted 
)mes  tlyiB  annually  less  and  less.  In  addition,  the  loss  of 
rays  cut  oflF  by  the  fogs  lowers  the  temperature  of  the  air 

leads  to  more  snow  being  formed,  while  again  the  snow 
3  formed  chills  the  air  still  more  and  increases  the  fogs, 
lin,  during  the  winters  of  a  glacial  epoch,  the  earth  would 
"adiaiing  its  heat  into  space.  Had  this  loss  of  heat  simply 
ered  the  lemperature,  the  lowering  of  the  temperature 
lid  have  tended  to  diminish  the  rate  of  loss;  but  the  result 
le  formation  of  snow  rathef  than  the  lowering  of  the  tempe- 
ire. 

Further,  as  snow  and  ice  accumulate  on  the  one  hemisphere 
Y  diminish  on  the  other.  This  increases  the  strength  of  the 
le-winds  on  the  cold  hemisphere  and  weakens  those  on  the 
•m.  The  effect  of  this  is  to  impel  the  warm  water  of  the 
pics  more  to  the  warm  hemisphere  than  to  the  cold.  Sup- 
ing  the  northern  hemisphere  to  be  the  cold  one,  then,  as  the 
w  and  ice  begin  gradually  to  accumulate,  the  ocean-currents 
ihat  hemisphere,  more  particularly  the  Gulf-stream,  begin  to 
rease  in  volume,  while  those  on  the  southern  or  warm  hem- 
here  begin  pan  pa55w  to  increase.  This  withdrawal  of  heat 
n  the  northern  hemisphere  favors  the  accumulation  of  snow 
I  ice,  and  as  the  snow  and  ice  accumulate  the  ocean-currents 
rease.  On  the  other  hand,  as  the  ocean-currents  diminish, 
snow  and  ice  still  more  accumulate.  Thus  the  two  effects, 
50  far  as  the  accumulation  of  snow  and  ice  is  concerned,  mu- 
lly  strengthen  each  other.' 

»Vith  all  this  Mr.  Wallace  seems  fully  to  agree ;  for  at  pp. 
-140  (*  Island  Life')  he  gives  a  very  clear  statement  of  the 
«t  of  these  mutual  reactions  in  the  production  of  glaciation, 
1  says  that  were  it  not  for  them  it  is  probable  the  astronom- 
land  other  causes  would  not  in  our  latitudes  have  been  suffi- 
Dt  to  produce  glaciation.  In  short,  he  concludes  that  these 
ctiohs  "  produce  a  maximum  of  ett'ect  which,  without  their 
,  would  be  altogether  unattainable.'*  Mr.  Wallace  thus  does 
[justice  to  these  mutual  reactions  in  so  far  as  the  pVoduc- 
n  of  glaciation  is  concerned ;  but  I  am  convinced  that  he 
ist  have  underestimated  their  importance  as  regards  the 
aoval  of  the  glaciation.  He,  however,  recognizes  the  fact 
t  these  mutual  reactions  produce  an  opposite  effect  on  the 
rm  atmosphere  whose  winters  are  in  perihelion.  "These 
jncies/'  he  says,  **are  at  the  same  time  acting  in  a  reverse 
y  in  the  southern  hemisphere,  diminishing  the  supply  of  the 
)isture  carried  by  the  anti-trades,  and  increasing  the  tempera- 
re  by  means  of  more  powerful  southward  ocean-currents ; 
d  all  this  again  reacts  on  the  northern  hemisphere,  increasing 
It  further  the  supply  of  moisture  by  the  more  powerful  south- 
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westerly  winds,  while  8till  further  lowering  the  teniperature  by 
the  southward  diversion  of  the  Gulf-stream/' 

Now  if,  during  the  glaciation  of  the  northern  hemisphere, 
these  mutual  reactions  produce  the  opposite  effect  on  thesoath- 
ern  hemisphere,  it  is  evident  that  they  must  produce  this  same 
opjjosite  effect  on  the   northern    hemisphere   when  its  winter 
solstice  is  in  perihelion.     Their  effect  then  would  be  to  increase 
the  temperature  and  melt  the  ice.     When  the  winter  solstice  is 
moving  towards  the  aphelion,  the  physical  agents  begin  to  act 
and  also  to  react  on  one  another,  and  this  action  and  reaction 
goes  on  increasing  in  intensity  till  the  solstice-point  reaches  the 
aphelion  ;  but  an  exactly  similar  thing  is  going  on  in  the  other 
hemisphere,  only  the  effects  are  the  reverse.     While  the  actions 
and  reactions  leadinj2r  to  an  accumulation  of  ice  are  increaain? 
in  intensity,  we  shall  suppose,  on  the  northern  hemisphere,  the 
same  increase  is  tJiking  place  on  the  southern  hemispnere;  but 
the  result  is  a  melting,   noi  an  accumulation  of  the  ice.    The 
same  process  is  undoing  on  the  southern  hemisphere  what  it  is 
doing  on  the  northern.     Similarly,  of  course,  when  the  north- 
ern   winter   solstice   begins   to   move  towards  the  perihelion, 
the  mutual  reactions  of  these  ])hysical  causes  will  be  reversed 
and  will  go  on  with  increasing  intensity  till  the  perihelion  is 
reached,  melting  the  very  ice  which  they   had   previously  pro- 
duced. 

We  have  already  seen  that  the  greater  the  extent  of  the  ec- 
centricity, the  greater  is  the  effect  resulting  from  the  actiomoi 
the  physical  causes,  whether  this  eiVect  be  the  prod  uction  of  ice 
on  the  cold  hemisphere,  or  it«  removal  from  the  warm.  It  is 
evident  that  the  same  thing  must  necessaril}'  hold  true  in  re- 
g.'ird  to  the  mutual  rtactions  of  the  })hysical  causes.  Conse- 
quently if  the  mutual  actions  and  reactions  of  the  physical 
causrs,  brought  into  operation  during  a  high  state  of  eccentric- 
ity, led  at  the  glacial  epoch  to  the  great  accumulation  of  ice 
wImmi  the  winters  wore  in  aphelion,  they  must  have  led  to  an 
eqn:illy  great  melting  and  dispersnl  of  that  ice  when  precession 
brought  the  winters  round  to  perihelion.  These  eaus(*s  would 
Ik*  as  ellicicnt.  in  the  removal  of  the  ice  as  they  were  in  its 
production.  In  so  far  as  the  |>hysical  and  astronomical  causes 
wrrr  conciTNiMl,  the  greattp  the  jnn«»unt  of  ice  formed  during 
tlu*  cold  periods  tiic  greater  would  be  the  amount  meltoil  Juiing 
the  warm  int(M"«jlacial  periods. 

A/iitl/tcr  ruts'.m  as.s itjht.ii  vlnj  (he  ice  dtus  uot  mdt. — Mr.  Wal- 
lace assi'Mis  the  Ibllowinn  as  an  additional  reason  why  the  ice 
does  not  disappear  <luring  the  interglacial  periods  when  the 
ece.cn trii'ity  is  high  : 
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iVhen  a  country  is  largely  covered  with  ice,  we  may  look 

it  as  possessing  the  accumulated  or  stored-up  cold  of  a  lone 
}  of  preceding  winters ;  and  however  much  heat  is  poured 

it,  its  temperature  cannot  be  raised  above  the  freezing-point 
lat  store  of  cold  is  got  rid  of — that  is,  till  the  ice  is  all  melted, 
the  ice  itself,  when  extensive,  tends  to  its  own  preservation, 

under  the  influence  of  heat ;  for  thi*  chilled  atmosphere  be- 
8  filled  with  fog,  and  this  keeps  off  the  sun-heat,  and  then 

falls  even  during  summer,  and  the  stored-up  cold  does  not 
lish  during  the  year.  When;  however,  only  a  small  portion 
e  surface  is  covered  with  ice,  the  exposed  earth  becomes 
id  by  the  hot  sun,  this  warms  the  air,  and  the  warm  air  melts 
idjacent  ice.  It  follows  that,  towards  the  equatorial  limits 
glaciated  country,  alternations  of  climate  may  occur  during  a 
d  of  high  eccentricity,  while  nearer  the  pole,  where  the  whole 
:ry  is  completelv  ice-clad,  no  amelioration  may  take  place." 

154. 

>r  the  past  nineteen  years  I  have  been  maintaining  that, 
I  a  country  is  covered  with  ice,  it  becomes  a  permanent 
;e  of  cold ;  and  however  much  heat  may  be  received  from 
mn,  the  temperature  of  the  surface  can  never  Be  raised 
e  the  freezing-point  while  the  ice  remains;  and,  again, 
such  an  ice  covering  tends  to  its  own  preservation,  because 
ills  the  air  and  increases  the  snow  fall.  In  short  I  have 
ong  maintained  this  to  have  been  one  of  the  chief  causes 
h  led  to  the  country  being  so  deeply  covered  with  ice. 
ct,  had  it  not  been  for  some  such  conservative  power  in 
ce,  a  glacial  epoch  resulting  from  the  causes  which  I  have 

advocating  would  not  have  been  possible.  This  conser- 
'e  tendency  certainly  renders  it  more  difficult  for  the  phys- 
agencies  to  get  rid  of  the  ice  during  interglacial  periods; 
we  evidently  have  no  grounds  for  assuming  that  it  will 

their  melting-powers. 

shall   next  consider  Geological  and  Paleontological  facts 

lation  to  Mr.  Wallace's  modification. 

.  JouB.  Sci.— Third  Series,  Vol.  XXVII,  No.  160.— April,  1884. 
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Art.  XXXII. — A  Oyntrihution  to  the  Oeology  of  Rhode  Island; 

bv  T.  Nklson  Dale. 

[Continued  from  pnge  228.] 

Dutch  IslauiL — The  mica  scliist  and  conglomerate  of   115, 
Beaver  Head,  recur  here  at  128;  the  conglomerate,  measuring 
two  feet,  reappears  at  129;  -the  mica  schist  is  garnetiferoas, 
plicated  and   folded.     These  plications  characterize  the  whole 
east  side  of  the  island.     A  remarkably  fine  section  of  them  is 
exf)08ed  at  a  small  recess  between  the  upper  and  lower  docks, 
180,   where,  in  a  cliiV  fifteen   feet  high,  the  schists  are  folded 
two  or  three  limes,   the  last  fold  being  directly  over  the  first, 
and  the  strike  N.N. SI.     At  one  place  a  fold  has  ruptured  and 
a  fault  ensued.     Portable  and   most  instructive  specimens  of 
plicated   schist  can  here  be  obtained.     One  such,   measuring 
now  54''X  10" X  J  inches,  when   each  bend  is  measured,  gives 
8i''XlO"Xf  inches  for  its  original  size.     It  has  three  foldi 
lengthwise,  each  forming  an  angle  of  60°,  but  two  of  the  folds 
die  out  'toward  one  end  where  it  has  the  shape  of  a  flat-bot- 
tomed tron<rh.     Between  128  and  129,  and  north  of  the  upper 
wharf,  the  edges  of  about  ten  feet  of  mica  schi«ts  are  exposed 
on  the  beach,  dipping  60°  N.N.W.,  their  upper  portions  hav- 
ing been  there  eroded,  but  in  the  adjoining  bank  they  are 
seen  to  fold  over  upon  themselves,  dipping  25°  S.S.W.    At 
lol,  south  of  the  lower  wharf,  ten  feet  of  micaceous  conglom- 
erate and  »j:rit  dip  00°  E.S.E.,  above  and  below  which  are  mica 
s(?hists  which  continue   to   the   light-house,    there   highly  in- 
clino<l  or  vertical.     Near  132,  at  the  north  end,  the  mica  schiBt 
di})s  50°  N.W.   to  vertical.     Between  132  and   133  the  dip  is 
first    southeastward,    then   vertical,   then    slightly   N.W.,  the 
strike  being  N.R  to  N.N.E.     The  rocks  are  garnetiferousmica 
sr-liist  wMtli  sonic  small  layers  of  micaceous,  garnetiferous  grit 
iuhI  ('r)n«j:lonu'nite.     Small  pebbles  of  opalescent  quartz  occur 
in  tlie  irrits.     The  i>el)bles  of  the  conglomerate  are  uniformly 
fl.it  :iii(l  either  quurtzyte  or  mica  schist.     The  mica  schist  is 
vfiv  (iitVennt  fnmi  that  of  *' Paradise,"  being  much  more  mica- 
(VM)us  and  l)riHiant,  always  garnetiferous  and    sometimes  mi- 
nutely rrimipK'd   in   one  or  even   in  two  directions.     Among 
tliesc   lavors  oerur  several  small   layers  of  dark  argil lyte  con- 
tainini:    «:ani('ts  and   radiated  crystal  of  hornblende  or  chlorite, 
\vlii<'h  rock  st)nietinK's  passes  into  a  garnetiferous  hornblendeor 
chlorite  srlii.-^t.     C^uartz  veins,  either  milky  or  hyaline,  abound 
and   contain  some  crystals  of  feldspar.     Between  183  and  134 
are   no  outcrops.     At   IZ-i,   two  beds  of  highly  carl)onaceou8 
and    graphitic    schist,  separated    by  a  layer  of   light  colored 
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mica  schist  and  conglomerate,  dip  45^  E.S.E.     It  is  quite  pos- 
sible that  these  pass   horizontally  into  the  regular  graphitic 
coal.     In  proximity  to  them  at  134  is  a  layer  of  carbonaceous, 
garnetiferous  argillyte.     At  135  the  mica  schist  dips  70°  E.S.E. 
Packard's  Bocks,   Jionnet  Pointy  Narraganset   Pier, — At  136, 
on  the  mainland,  West  Passage,  alternating  dark  and  light  mica 
schists,  without  garnets,  dip35°-40°  E.,  the  difference  between 
them  lying  in   the  relative  proportion  of  black  mica.     These 
schists  extend  north  to  Plum  Beach  and  N.W.  to  137  and  be- 
yond, and  recur  south  at  Packard^s  Rocks  with  the  same  dip. 
There  the  light  colored  layers  are  a  highly  metamorphosed  grit 
with  some  large  quartz  pebbles.     At  138,  one  and  one-quarter 
mile  south,    these   rocks    dip   25°-35'^   E.S.E.,   then  25°-30° 
W.S.W.,  and  are  cn>ssed   by  a  granite  vein.     North  of  the 
"South  Ferry"  the  dip  is  E.S.E.,  and  a  vein  eight  feet  thick 
of  cream-colored  granite  crosses  E.S.E.-W.N.W.  about  verti- 
cally.    The  mica  schists  recur  just  south  of  the  ferry,  and,  at 
139,  are  disturbed  by  a  vein  mass  of  cream-colored  granite, 
25'-50'  thick,  with  large  crystals  of  feldspar  and  mica  and 
large  masses  of   uncrystallized  feldspar  and  quartz.     A  little 
south  of  139  the  schist  contains  nodules  of  felaspar  and  quartz 
and  dips  25°-45°  E.S.E.     It  makes  up  the  whole  of  the  cliflF, 
here  sixty  feet  high,  "the  Bonnet,"  aipping  as  high  as  60** 
but  averaging  45°  E.S,E.,  and  crossed   by  veins  of  granite. 
On  the  other  side  of  Wesquage  Beach  the  light  and  dark  mica 
schists  recur  and  southward  to  Watson's  Pier  and  140;    dip 
55°-75°  E.   10°  S.     Numerous  granite  veins,  from  i"  to  3' 
thick,  occur  among  and  parallel  with  the  strata,  and  in  every- 
thing but  crystalline  arrangement,  which  is  across  the  veins, 
^  resemble  layers.     At  141,  on  Boston  Neck,  a  light  cream-col- 
ored   granite  crops  out      Betwe  n   141   and  Pattaquamscott 
River,  and  also  at  142,  on  the  other  side,  occurs  a  iine  grained, 
liglit  colored  granite  or  gneis-s.     The  next  outcrop  south  is  just 
below  Narraganset  (lower)  Pier  where  a  fine-grained,  pinkish 
protogine  and  granite,   in   places  probably  gneiss,  of  pinkish 
feldspar,  black  mica  or  chlorite  and  quartz,   is  traversed   by 
veins  of  coarse  granite  with  reddish  feldspiir.     This  rock  forms 
the  shore  for  two  miles;  at  143,  Gunning  Rock,  dips  S.E.  by  E. 
and  also  E.  by  N.,  crosse<I  by  E.S.E.-W.N.W.  joints.     South- 
ward it  becorpes  finer  grained  and  its  feldspar  lighter  colored 
until  near  Quohog  Rock  it  differs  considerably  from  that  of 
Narraganset  Pier.     Between  144  and  Point  Judith  Light,  two 
and  one-half  miles  south,  there  are  no  outcrops.     Near  a  bridge 
across  the  "  Narrow  River,"  a  continuation  of  the  Pattaquam- 
Bcoit,  about  one  and  one-half  miles  S.W.  of  Soutii  Ferry,  a 
bed  of  fine-grained  plumbago,  said  to  measure  about  two  feet 
was  met  in  digging  a  well.     Half  a  mile  west  of  that  place 
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granite  or  gneiss  ledges  occur.  Jackson,  on  his  map,  indicates 
plumbago  in  granite  two  miles  west  of  Bonnet  Point,  and  the 
range  of  Tower  Hill  back  of  the  river  he  has  down  as  granite 
and  gneiss. 

C'ONCLUSIOXS. 

Straiigraphkal, — From   the  stratification  at  46,   53,  17.  on 
Newport  if eck,  and  at  143,  near  Narraganset  Pier,  it  is  evitlent 
that  the  proiogine  masses  of  that  neck  are  not  intrusive,  and  it 
is  therefore  improbable  that  that  of  Conanicut  is  so.     As  pro- 
togine  occurs  also  at  West  Island,  and  tlius  on  both  sides  of 
the  Carbonilerous  basin,  it  seems  highly  probable  that  all  these 
masses  of  protogine  belong  to  the  same  metamorphic  bed  or 
series  of  beds,  and  that  these  isolated   masses  in   the  center 
were  thrown  up  either  before  or  after  the  deposition  of  the  Car- 
boniferous  strata  or  partially  at  both  times.     No  eastward  dips 
have  been  observed  in  the  eastern  half  of  the  main  protogine 
tract  of  Newport  Neck,  but  for  convenience  such  have  been 
assumed.     If  tlic  dip  is  uniformly  W.N.W.,  a  fault  must  be 
assumed  at   Almy's  Pond  between  the  protogine  and  the  Car- 
boniferous beds,  or  an  original  unconformity  must  be  supposed 
to  have  been  subsequently  changed  to  a  conformity  in  direc- 
tion, but  not  in  angle  ol  dip  ;  for  the  metamorphism  of  a  bed 
overlying  carbonaceous,   fossiliferous  beds    into    protogine  is 
higiily  improbable  and  intrusion  has  been  shown  to  be  out  of 
the  question. 

In  intimate  contact  with  these  isolated  masses  of  protogine 
we  find,  at  the  Dumplings  and  Bailey  s  Beach,  certain  epidotic 
and  chloriiic  schists,  some  parts  of  which  closely  resemble  the 
chlorite  schist  of  "Paradise,"  which,  therefore,  on  lithological 
grounds,  would,  together  with  its  associated  mica  schists,  seem* 
to  be  perliaps  syn(!hroiious  with  the  former. 

The  chloritic  argillytes  with  calcite,  forming  the  western  part 
of  Newport  Neck,  evidently  correspond  to  the  similar  rocks  of 
Brown's  and  Church's  Points  in  Little  Compton,  and  accord- 
inglv  underlie  the  coiil  measures;  and  at  Coaster's  Ilarborand 
Rose  Islands  we  find  them  below  the  "Quartz  and  Clay  A^g^e• 
gate."  The  dotted  line  on  the  map,  from  Castle  Hill  to  Rose 
Island,  the  Gull  Rocks,  Coaster's  Uarbor  Island,  Little  Lime 
Rock  and  Brenton's  Cove,  l)ounds  the  probable  submarine  ex- 
tension of  these  rocks  near  Newport.  But  the  western  bound- 
ary of  this  tract  almost  touches  the  chloritic  and  epidotic 
schists  of  the  Dumplings,  which  dip  about  easterl}';  and  the 
chloritic  argillytes  of  the  northern  half  of  Newport  Neck  dip 
B.S.E. ;  therefore,  i)robably,  the  latter  overlie  the  former. 
Again,  the  cliloritic  argillytes  at  71,  west  of  Price's  Neck,  are 
underlaid  by  a  layer  of  ferruginous  chlorite,  which  occurs  also 
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ID  Church's  Cove,  Little  Compton,  at  the  base  of  these  argil- 
lytes  and  near  the  protogine;  and  a  ferruginous*  chlorite  of 
slightly  diflferent  appearance  occurs  near  the  top  of  the  proto- 
gine at  Bailey's  Beach ;  and  it  is  natural  that  rocks  abounding 
in  chlorite  should  be  followed  by  some  a  little  less  chloritic. 
For  all  these  reasons  the  normal  position  of  the  chloritic  argil- 
lytes  would  seem  to  be  above  the  chloritic  and  epidotic  schists 
of  15  and  17  and  the  chlorite  and  hornblende  schists  of 
"Paradise" 

The  dolomite  at  9-t  and  the  Lime  Rocks  is  associated  with 
purple  slate,  and  these  slates  belong  to  the  chloritic  argillytes, 
and  so  the  dolomite.  These  two  outcrops,  as  stated  by  Prof. 
Ch.  Hitchcock,  seem  to  be  parts  of  the  same  bed  on  opposite 
sides  of  a  synclinal  axis.  This  axis  may  be  traced  northward 
through  Coaster's  Flarbor  Island  and  southward  in  the  western 
part  of  the  *•  Flinty  Slate."  The  gentle  S.B,  dip  at  43  would 
then  represent  a  minor  fold,  and  the  easterly  dipping  lines  at 
the  Lime  Rocks  would  be  joints. 

The  siliceous  argillyte  of  the  middle  portion   of  Newport 
Neck  corresponds  to  that  at  Conanicut  and   Sachuest  Neck, 
where  it  is  associated  with  "Conglomerate  I"  and  underlies  the 
lowest  distinctively  Carboniforons  bed.      Its    relation    to   the 
older  rocks  is  not  so  clear,    ^rom  Jackson's  observations  and 
mine  it  is  evident  that  the  series  of  (what  may  be  provisionally 
termed)    Pre-Carbonifieroiis    rocks    is    but  incompletely  repre- 
sented at  any  one  point.     Tims  at  Rose  Island  the  Carbonifer- 
ous rocks  rest  on  the  chloritic  argillytes,  at  S:ichuest  Neck  on 
the  siliceous  argillytes,  but  in  Conanicut  directly  upon  the  pro- 
togine.    On  Newport  Neck  the  siliceous  argillytes  lie  upon  the 
protogine,  but  in  Little  Compton  apparently  the  chloritic  argil- 
lytes  take  that  place.     On    Newport  Neck  the  siliceous  are 
juxtaposed  to  the  chloritic  argillytes,  but  their  relative  age  is 
not  clear.     The  following  indications,  however,   throw  some 
light  on  the  question.    The  Conglomerate  I  associated  with  the 
siliceous  argillyte    at  Sachuest  Neck  contains  pieces" of    red 
jasper,  and  that  occurs  in  this  vicinity  only  in  connection  with 
the  dark   purple  slates  and   dolomite  of  the  chloritic  argillyte 
series.       At  66  the  siliceous  argillyte   contains  fragments  of 
chloritic  argillyte.      The  conflicting  flexures  throughout  the 
region  diminish  the  value  of  dip  indications;  but  it  is  notice- 
able that  the  dip  of  the  chloritic  argillytes  on  Newport  Neck  is 
almost  uniformly  toward  the  siliceous  argillytes,  and  that  as  the 
former  nowhere  come  up  again  to  complete  the  synclinal  it 
may  be  supposed  that  they  come  up  under  the  latter  and  thin 
out  before  reaching  the  exposed   portion  of  the  protogine  on 
the  neck.     From   the  relative  strike  of  the  silice-jus  argillytes 
at  Sachuest  Neck  and  that  of  the  chloritic  argillytes  of  Little 
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Compton  it  seems  probable  that  the  former  overlie  the  latter 
unless  we  Suppose  the  protogine  to  recur  under  water  on  the 
east  side  of  Sachuest  Neck.  Serpentine  in  layers  and  minute 
veins  is  characteristic  of  the  siliceous  argiliytes,  and  Jackson 
found  that  in  the  northern  part  of  the  State  chlorite  and  horn- 
blende slate  are  followed  by  dolomite  or  serpentine,  i.  a  the 
chloritic  rocks  underlie  the  serpentines.  From  these  data  it 
seems  somewhat  probable  that  the  true  position  of  the  siliceous 
argillytes  with  serpentine  is  above  the  chloritic  argillytes  with 
dolomite. 

The  lowest  rocks  of  certain  Carlwniferous  age,  the  quartz  and 
clay  aggregates  ol  Sachuest  Neck,  recur  at  Rose,  Coaster's 
Harbor  and  Conanicut  Islands.  Lying  upon  them  in  Mackerel 
Cove,  and  also  probably  at  Coaster's  Harbor  Island,  are  the 
argillaceous  schists  with  siderite  and  pyrites,  in  all  probability 
belonging  to  the  same  horizon  as  the  Easton^s  Point  argillytes 
with  pyrites  (lower  argillytes  of  first  paper)  which  there  under- 
lie conglomerate  II,  and  which,  on  account  of  their  relation  to 
Sachuest  Neck,  were  represented  in  the  general  section  as  over- 
lying the  quartz  and  clay  aggregate.  At  Beaver  Head  the 
great  bed  of  quartzyte  conglomerate  is  wanting  and  the  coal- 
mcasuics  injmcdiately  ibllow  thesideritic  argillyte.  Indeed, on 
the  west  side  ol  Easton's  Point,  \lie  conglomerate  seems  to  thin 
out  and  there  is  some  uncertainty  as  to  where,  in  the  vicinity 
of  Easton's  Beach,  the  boundary  between  that  conglomerate 
and  the  overlying  argillytes,  conglomerates  and  carbonaceous 
schists  should  be  drawn.  At  Coaster's  Harbor  Island  a  slightly 
nictamorj)hic  conglomerate  occurs  in  close  proximity  to  the 
sideritic  a!i<i  chloritic  argillytes,  which  Prof.  Ch.  Hitchcock 
estimates  at  50'  and  j)laces  above  the  coal  beds.  If  that  is 
corn'ct,  the  coal-measures  must  thin  out  at  that  locality.  The 
strata  of  Coddington  Cove,  Bishop  Rock  and  **The*Clifls" 
belong  lo  I  he  coal-measures,  to  which  also  may  be  assigned 
the  cail'onaccous  beds  of  Taggart's  Ferry,  the  Glen,  and  of  the 
slioic  between  High  Hill  and  Brown's  Points  on  the  East  Pas- 
sage. Here  also  would  seem  to  belong  the  Dutch  Island  and 
Bcavtn  Head  beds  which,  however,  have  been  subjected  to 
greater  uictamorj^hism.  The  conglomerate  of  Miantonomah 
Hill,  both  Jackson  and  Ch.  Hitchcock  regard  as  above  the  coal 
beds,  altlxnigh  it  t-irongly  resembles  that  of  Easton's  Point  and 
dilUis  from  that  of  Coasters  Harbor  Island.  I  could  not  tiud 
the  outcrops  of  conglomciate  above  the  ^^Clills"  series  to  which 
Profesi^or  Ch.  Hitchcock  alludes  on  the  east  side  of  Ahny's 
Pond,  and  which  he  coordinates  with  that  of  Miantonomah 
Hill.  What  relations  exist  between  the  coal-measures  of  *'The 
Cliils"  and  the  epi<lotic  and  chloritic  schists  south  of  Sheep 
lV)int  is  uncertain.     A  fault  has  been  supposed  and  the  slicken- 
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es  crossing  the  strata  at  Ochre  Point  and  along  *'  the  Cliffs  " 
int  to  a  disturbance  in  a  N.-S.  or  N.N.E.-S.S.W/line,  which, 
continued  south,  would  border  on  the  outlying  nnasses  of  epi- 
tic  schist  opposite  15.  The  recess  between  Ochre  Point  and 
was  formed  by  erosion  of  the  softer  beds.  But  this  does 
t  explain  the  presence  of  the  coal-measures  between  the 
dotic  schists  at  14  on  the  S.E.  and  the  protogine  at  44  on 
;  N.W.  Here  we  must  resort  to  the  supposition  either  of 
"chaean  Islands  and  shallows  in  the  Carboniferous  estuaries, 
of  a  double  system  of  faults  or  of  folds  followed  by  erosion 
the  softer  beds. 

The  mica  schists  of  the  Narraganset  shore  Ix^long  to  a  highly 
tamorphic  belt  which  includes  Dutch  Island.  A  question 
ses  as  to  the  age  of  these  two  beds  of  mica  schist.  Those  of 
!  shore  diflFer  chiefly  from  those  of  the  island  by  the  absence 
garnets  and  graphitic  beds  and  the  presence  of  veins  of 
inite.  Farther  west  occurs  the  bed  of  graphite  associated 
her  with  these  schists  or  with  an  adjoining  gneiss  coordinate 
th  that  of  Narraganset  Pier.  We  have  then  either  a  contact 
Archaean  beds,  containing  graphite,  with  highly  metamorphic 
rboniferous  beds,  containing  giaphitic  schist,  or  else,  both 
is  belong  either  to  the  Archaean  or  the  Carboniferous.  A 
ddle  ground  has  been  taken  on  this  question.  The  proto- 
le  of  Conanicut  and  Newport  differs  from  that  of  Narra- 
nset  Pier  in  containing  two  kinds  or  colors  of  feldspar; 
sides,  the  protogine  at  the  pier  is  not  prevalent,  the  rock 
ing  more  generally  micaceous  than  chloritic,  whereas  the 
posite  case  exists  at  Newport  and  Conanicut.  From  the 
ative  dip  and  position  of  the  mica  schists  of  Bonnet  Point, 
:.,  and  of  the  gneiss,  granite  and  protogine  south,  these  mica 
lists  would  seem  to  overlie  the  latter,  but  if  we  consider 
3m  as  '*pre-carboniferous''  a  question  as  to  their  relations  to 
?  epidotic,  chloritic  and  hornblendic  schists,  which  in  other 
rts  succeed  the  protogine,  arises.  They  may  provisionally 
supposed  as  synchronous  with  these  or  as  underlying  them. 
In  accordance  with  these  views  the  accompanying  geological 
ip  and  section  have  been  prepared.  They  continue  west- 
rd,  the  map  (Plate  I),  and  the  geneial  section  (Plate  III),  of 
5  first  paper,*  and  the  following  Uible  enumerates  and  ile- 
ibes  all   the  beds  of  the  south  end  of  Narraganset  Bay  in 

Tho  layers*  of  •' quartz  and  clay  ajrgregate''  in  crinUic't  with  protogine  in 
L'kerel  Cove  are  more  inclined  than  in  tlie  section,  and  the  overlying  sideritic 
iUj'tes  are  folded,  in  place?,  near  the  surface  somewhat  like  the  beds  of  Dutch 
ind.  The  coal-uieafeure»  in  tlie  Western  Passage  are  suppose<l  to  dip  away 
:n  the  basin  ro<.?k,  as  was  also  supposed  in  the  case  of  the  chloritic  jirgillytes.  in 

general  section  of  first  paj)er,  at  the  other  side  of  the  basin,  but  it  in  a  strati- 
.phical  possibility  that  these  beds  dip  against  the  sides  of  the  basin  as  they 
m  to  against  the  isolated  mass  of  protogine  in  its  center,  and  as  the  underly- 
;  beds  (.5),  in  the  Western  Passage  seem  to  against  the  mica  schists  (.02). 
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their  chronological  order,  as  far  as  determined,  beginning  with 
the  oldest : 

•01.  Granite,  Gneiss,  I^otofjine, — Coarse  and  fine  granite  and 
gneiss,  of  i)lauk  mica,  more  or  less  pinkish  feldspar,  and  quartz, 
passing  in  some  |>]nces  into  a  proto«(ine  of  chlorite,  pink,  era 
pinkisli  niid  a  greenish  feldspar,  and  quartz,  in  others  iino  a 
granite  of  light-colorc(l  mica,  cream-colored  feldspar  and  quartz. 
The  bed  of  plnmbngo  probabl}'  belongs  in  the  gneis^^.  Veins 
of  coarse,  pir>k  granite,  sometimes  without  mica,  and  of  crypto- 
crvstallinc,  j)ink  feldspar  and  quartz.  One  vein  or  seam  of 
yellow  serpentine.  (We^st  Island,  Narniganset  Pier,  Newport, 
and  Conaiiidut.)     1300'+. 

02.  Mien  schist^  dark  and  light  colored,  both  with  black  mica, 
the  light  more  quartzose  and  with  quartz  |)ebbles.  Veins  of 
coarse  granite  of  cream-colored  feldspar,  light  mica  and  quartz. 
1450'. 

1.  Hornhlemk^  chlorite  and  mica  schist — The  hornblende 
schist  of  liornblen<le  and  triclinic  feldspar,  sometimes  with  a 
little  mica,  passing  into  n  chlorite  schist  of  chlorite  with  a 
little  cak'ile  and  j)().*«sil)ly  quartz.  This  alternating  several 
times  with  mica  schist,*  the  mica  schist  passing  into  a  siliceous 
or  an  argillaceous  st^hist.  Veins  of  milky  quartz  with  chlorite 
and  also  sometimes  with  crystals  of  feldspar,  also  veins  of 
zoisite.     ('  Para<lise'' in  Middletown.)     9o0'. 

l.r>.  Epifhjtic  and  chloritir  schist. — In  ])laces  argil laceou.s 
serpentina  or  talcose,  with  nodules  and  veinlets  of  crystalline 
epidoto,  massive  and  schistose  chlorite,  the  chlorite  schist  with 
a  little  ealcite :  sometimes  with  pebbles  of  quartz.  A  few 
laycTs  of  ferruginous  chlorite,  and  of  quartzyte  with  quartz  peb- 
bles, in  the  lower  j)art.  Veins  of  crvptocrystalline  pink  feld- 
spar and  <]unrtz.  and  of  milky  quartz.     400'-H00'. 

2.  f^th'T'tic  n rtf ill ytc- -1^\\\\A\  green  or  dark  puri)le  schist  and 
slate,  sometimes  grayish  an<l  micaceous  instead  of  chloritic, 
generally  with  minute  f)assages  or  nodules  of  amorphous  cal- 
<'ite,  the  hitter,  when  larire.  traversed  bv  veins  of  crvstallized 
calcite.  Whero  verv  chloritic  it  (H)ntains  crv^<^tals  of  magnetite, 
when  less  so,  o[Ww  cubical  iron  pyrites.  The  green  slates  in 
places  with  passages  and  large  mjisses  of  white  quartz,  tbe 
purple  ones  with  passages  and  nodules  of  dark  pur|)le  and  red 
jasper,  and  in  Newport  harbor  with  several  thick  layers  of 
grayish  and  pinkisli  dolomite.  Veins  of  milky  quartz  and 
chloritf  sometinies  with  crvstallized,  flesh-colored  feldspar. 
50O'-20(M)'. 

*  A  simihir  sciii's  simmjis  in  occur  in'iir  IVoviilt'iice  'sec  .Tackson.  p|».  ".'>.  71i. 
and  near  New  H;ivcn  iscr  .1.  I).  I»s;n;i.  Mjiimal  of  JJoolopy,  ttiird  edition,  also  this 
.loiiniil.  Iir.  \()\.  vi.  On  ilie  IJncks  of  llic  Hohicrberjif  eni  in  the  vallor  of  the 
(.'onnccticiu.  t'tcj 
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\.  Siliceous  argiUyie, — (Flinty  slate  of  the  Hitchcocks,  Pri- 
rdial  felsite  of  Shaler,  Conglomerate  I  of  first  paper),  dark 
y,  purple  or  green,  more  or  less  schistose,  siliceous  or  argil- 
*ou8 ;  in  many  places  an  impure  serpentine;  at  Sachuest 
3k  with  a  slaty  conglomerate  containing  a  few  pebbles  of 
jasper.  Seams  of  precious  serpentine  and  talc,  near  which 
2ite,  picrolite  and  chrysotile.  Veins  of  cryptocrystalline 
nite.     500'-2000'. 

Quartz  and  clay  aggregate. — A  highly  metamorphic, 
rsely  stratified,  dark  gray  or  black  aggregate  of  very  coarse 
irtz  grains  and  fine  argillaceous  matter,  including  a  few 
ers  of  fine,  carbonaceous  slate  with  Carboniferous  plants, 
nularia  longifolia.  Veins  of  milky  quartz.  750'. 
►.  Sideritic  argillyte. — (Lower  argillaceous  schist  of  first 
»er.)  Light  and  dark  gray,  argillaceous,  in  some  places 
In )- micaceous  or  talcose,  schist,  generally  with  disseminated, 
lUte  nodules  of  crystalline  sideritc,  sometimes  with  cubical 
1  pyrites,  in  several  localities  striped,  light  and  dark,  across 
bedding.  Veins  of  milky  quartz  with  chlorite,  frequently 
)  with  ferruginous,  crystallitie  calcite.  One  or  two  veins  of 
ilhiceous  rock  with  cubical  iron  pyrites.  600'-2000'. 
1.  Quartzyte  Conglomerate, — (1st  and  2d  conglomerate  of  Ch. 
chcock,  Conglomerate  II  of  fii"st  paper)  consists  of  large 
>bles  and  bowlders  of  finely  stratified  quartzyte  with  a  little 
H  (or  very  quartxose  mica  schist),  containing,  in  certain 
ill  ties,  Lingulae,  and  cemented  together  with  an  argillaceous 
.  siliceous,  in  pbces  a  micaceous  cement  containing  crystals 
magnetite.  Veins  of  milky  quartz.  (''Paradise,"  *'Purga- 
//'  etc.)     760'. 

,8,9.  Coal  measures, — Alternating  dark  and  light  i?ray, 
illaceous  schists  (sometimes  ochracoous  or  with  minute  fer- 
inous  nodules),  «?rit.s,  sandstones,  quartzyte  conglomerates 
smaller  pebbles  than  6),  carbonaceous  argillytes  or  slates 
ii  large  ferruginous  nodules,  numerous  species  of  coal  plants, 
I  beds  of  plumbaginous  anthracite.  At  Dutch  Island  the 
illaceous  schists  are  replaced  by  garnetiferous,  mica  schists 
iuding  a  few  layers  of  garnetiferous,  hornblende  or  chlorite 
ist.*  Veins  of  milky  quartz,  rarely  with  chlorite,  at  Dutch 
md  both  hyaline  and  milky,  with  feldspar.  2000'. 
riiese  beds  give  a  total  thickness  of  from  9,200  to  13,800 
t.  or,  supposing  1  to  be  synchronous  with  1.5,  of  8,250'  to 
850'.  Of  these  only  Nos.  4-9,  or  3700'-4100',  are  certainly 
Carboniferous  age.  Professor  Shaler  assigns  No.  3  to  the 
imordial,  but  it  is  unfossiliferous  as  arc  all  below  4.  Prof. 
int  refers  2  and   3  to  the   Huronian.     Mr.  W.  0.  Crosby, 

At  the  Portsmouth  coal  mines,  in  this  bjisiii.  crvstallizcd  sideritc.  marcasito 
calcile,  as  well  as  graphite  and  asbestos,  occur  in  proximity  to  the  coal  l)eds. 
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• 
after  studying  certain  hornblendic  and  chloritic  rocks  in  Rhode 
Island  and  Massachusetts,  and  examining  the  granite  near 
Tiverton,^  is  disposed  to  assign  them  to  the  Montalban  :  and  as 
these  rocks  present  some  analogies  to  .01,  1  and  1.5,  his  opinion 
is  of  weight  here,  but  the  motamorphic  character  of  the  whole 
sericH,  including  the  coal-measures,  should  make  us  cautious  ia 
the  application  of  chemical  metliods  of  classification  which 
might  be  valid  in  a  region  where  the  Carboniferous  beds  had 
preserved  their  normal  constitution. 

An  analysis  of  200  measurements  of  the  dip  at  the  south  end 
of  the  bay  yields  these  results :  There  are  12  ciifFerent  directions 
of  the  dip:  A,  \V.N.W.-KS.E.:  A'\  W.-E.;  B,  N.N.E.-S.S.W.; 
B'',  N.E.-S.W.;  B'",  N.-S.;  C,  N.N.W.-SS.E.     Of  these,  A", 
B",  B'",   varying  but  22°  one  way  or  the  other  from  A,  B,  C, 
may  be  attributed  to  minor  causes,  leaving  three  main  flexures 
45°-90°  apart.     As  none  of  tlie  twelve  dips  are  contined  to  the 
Prc-carboniferous  beds  the  flexures  must  all  have  taken  place, 
t(j  some  extent  at  least,  as  late  as  the  close  of  tlie  Carboniferous 
age.     The  most  prevalent  ones  art*  A  and  B,  the  former  giving 
a  strike  of  N.N.E.-S.S.W.  (or  N.  83  E.-S.  33  W.  true),  parol- 
lei  with  the  Ai)palachian  range  and,  therefore,  probably  dating 
to  the  time  di  the   Appalachian   revolution,  the  latter  one  of 
W.X.W.-E.S.E.  (or  N.  57  W.-S.  57  E.)  at  right  angles  to  that 
range.      This  last   was    in   all    probability    the   cause  of  the 
W.N.  W.-E.S.K.   fissures  which  characterize  the  whole  region, 
especialh'  tlie  quartzyte  con i^lom crate. f     Two  main  synclinal 
axes  running   N.N.E.-S.S.W.   are  aj)parent,   one  between  ihe 
Narragansel  shore  ami  the  southern  part  of  Conanicut,  anotiier 
betw^iMi    tlie  chloritic  argillytes  and  the  protogine  on  New|)ort 
Neck  which  may  be  traced  northward  through  Coaster's  lIarl)or 
Island.     These  flexures  traverse  the  entire  series  with  little  re- 
gard to  their  litholotrical  character.     As  the  same  bed  is  often 
tlexcd   in  several  direciions  it  is  not  easy  to  determine  whether 
unconformable  deposition  tor)!^  place  anywhere.     What  appears 
like   unconformity  is  often   the  result  of  lateral  pressure  and 
laulting,  but,  as  there  is  some  reason  to  suppose  that  the  proto- 
gine and  assoc'iatcd  schists  in  the  center  of  the  basin  were  above 
water  in  Cari)onifcrous  limes,  it  seems  probable  that  on  their 
borders  the  Carboniferous   beds  must  lie  unconformably,  but 
the   highly   uietamorphic  character  of  the    protogine  and  the 
sul.>seqn<'nt.  llexure  of  the  entire  series  has  obscured  the  evi- 
dences of  it.     The   irregular   vertical  distribution  of  the  mem- 
bers  of  tlu^  Pre-earl)<»niferous  point'*  either  to  flexures  in  those 
more  ancient  times,  or  to  changes  or  difl:*erences  in  the  character 

*«lenl(.i^y    ••(*    l'];t';t»'rii    M.MSsm'lmsi.'Us*.       nn.stoii  iS(K;iely  of    Natiiritl  Hismrr. 
IMS".  i>p.  107.  los,  127.  l.i:;.  i:;i. 

f  I'r.iiVssor  <'li,  II.  Ii;i''!:i-vivk  iioics  ilie  oinijilcx  dips  at  the  c<xil  iniues.  p.  I-I. 
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3  sediments  within  short  distances,  or  erosion  of  them,  or 

0  different  degij^es  of  metamorphism  of  the  same  bed. 
last  has  been  erroneously  supposed  to  account  for  the  dif- 
je  between  the  chloritic  and  siliceous  argillytes.  What- 
Tiaj  have  been  the  cause,  the  fact  is  that  the  Carboniferous 

lie  immediately  upon  as  many  as  six  different  kinds  of 
at  different  points.  That  metamorphism  took  place  in 
)eforethe  deposition  of  the  Carboniferous  beds  is  possible 
lot  to  such  an  extent  as  to  prevent  the  subsequent  flexure 
e  whole  series ;  that  it  took  place  unequally  at  different 
5  in  later  Carboniferous  times  is  probable  from  a  compari- 
f  the  Dutch  Island  and  Newport  beds.  The  entire  series 
ds,  with  the  different  veins,  affords  a  succession  of  litho- 
il  and  mineralogical  facts  which  can  hardly  fail  to  be  sug- 
'e  to  the  chemical  geologist. 
ysiographical. — In  attempting  to  reconstruct  the  physiog- 

of  Carboniferous  times  in  this  region  we  may  venture 
ij)position  that  the  an'jient  shore,  on  the  east,  followed  the 
ow  indicated  by  the  ran^e  of  granite  hills  trending  south 
Tiverton  towards  West  Island,  and,  on  tlie  west,  that  indi- 
by  the  corresponding  range  of  Barber^s  Height  and  Tower 
fifteen   miles   distant   in    North   and  South   Kingstown, 

1  trends  southward  toward  Point  Judith.  A  little  more 
midway  from  the  east  shore  of  this  basin,  we  may  Suppose, 
in  island  of  protogine,  siliceous  and  chloritic  argillyte  (or 
3  rocks  which  these  now  represent),  about  four  miles  in 
Iter,  covering  what  is  now  part  of  Conanicut,  Newport 
and  harbor.  The  rest  of  this  end  of  the  basin,  with  per- 
an  exceptional  islet  at  '*  Paradise,"  was  alternately  marsh 
iuary,  but  in  its  eastern  half  was  at  one  time  either  the 
e  of  powerful  or  long  continued,  local,  erosive  influences 
ting  on  some  protruding  quartzytes,  or  else  afforded  a 
el  for  stone- laden  ice  floes  or  j)owerful  currents  bringing 
us  from  the  north.  The  plowing  out  of  the  east,  west 
entral  passages  of  Narraganset  Bay,  as  well  as  of  Mack- 
Uove  and  the  smaller  inlets  l)etween  Easton's  Point  *and 
Cliffs,"  on  one  side,  and  Saohuest  Neck,  on  the  other,  and 
nds  back  of  them,  with  so  little  regard  to  anticlinal  or 
nal  axes,  may  be  attributed,  as  suggested  by  Professor 
r,  in  part  to  pre-glacial,  but  largely  to  glacial  erosion. 

port.  \\.  I.,  December,  1883. 
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Art.    XXXIIL — On    Mesozoic   Dicotyledons;    by   Lester  F. 

Ward. 

In  the  following  remarks  on  Mesozoic  Dicotyledons,  I 
confine  the  term  Dicottjledons  to  that  sub-class  of  the  vege- 
table kingdom  which  is  embraced  under  the  .terra  Angiaspenns 
in  most  modern  text-books  of  botany.  This  i«  the  usage 
of  most  vegetable  paleontologists*  and  the  reasons  for  adopt- 
ing it  have  been  frequently  stated.' 

The  Dicotyledons  occupy  somewhat  the  same  position  in  the 
history  and  development  of  plants  that  the  Mammalia  occupy 
with  respect  to  animals.  They  constitute  the  dominant  type 
and  in  their  rapid  march  have  now  so  completely  gained  the 
ascendant  as  to  dwarf  all  other  forms  into  relative  insignificance. 
They  include  nearly  ail  the  deciduous  forest  trees,  the  shrubby 
undergrowth,  the  leafy  herbage  and  the  weeds  of  all  temperate 
regions. 

But  this  has  not  always  been  the  casa  In  fact  the  reign  of 
the  Dicotyledons,  geologically  considered,  has  been  very  brief 
Although  there  is  evidence  that  the  earth  has  been  covered 
with  vegetation  since  the  l)eginning  of  the  Carboniferous  age 
at  least,  still  there  is  nothing  to  warrant  us  in  saying  that  a 
single  dicotyledonous  plant  existed  prior  to  the  close  of  the 
Junussic.  Indeed,  we  do  not  know  from  the  actual  discovery 
of  sp(*cimens  that  this  type  appeared  earlier  than  the  second 
recognized  group  of  the  Cretaceous — the  Urgonian.  Until 
quite  recently  the  presence  of  these  j)lants  in  formations  lower 
than  the  Miocene  was  so  rare  that  it  was  with  the  Tertiary 
rather  than  with  the  Cretaceous  that  the  existing  dominant 
vegetation  of  the  globe  was  assumed  to  have  originated. 

Notwithstanding  this,  some  of  the  earliest,  if  not  the  very 
earliest,  discoveries  of  these  forms  were  in  cretaceous  strata. 
In  the  stone-quarries  of  the  Ilarz  mountains  near  Blanken- 
burg,  were  found,  near  the  beginning  of  the  eighteenth  century, 
prints  of  large  leaves  which  the  workmen  believed  to  be  those 
of  ih(^  grape  vine,  and  which  were  mentioned  by  Scheuchzer, 
Briickcnann,  and  Walch,  but  without  any  attempt  at  their 
scieiitilic  determination. 

A  brief  historical  review  of  the  discovery,  identification  and 
pul)lication  of  dicotyledonous  species  in  Cretaceous  strata  of 
Europe  and  America,  including  the  arctic  regions,  will  show  the 
im])ori;ince  which  this  subject  is  assuming  among  paleontolo- 
gists. 

'  <  liippert.  (iuinitz,  and  one  or  two  others  conform  to  the  Jiis8i?eaD  system. 
*  See  the  American  XiituraliHt,  vol.  xii  (June,  1878),  pp.  359-378. 
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1838  Zenker*  took  up  in  earnest  the  study  of  the  Blank- 
rg  leaf-prints  and  described,  figured  and  named  five  spe- 
jelongiiig  to  two  genera.  One  of  these  genera  he  rightly 
uded  to  have  no  living  representatives,  and  he  therefore 
td  it  Oredneria^  after  his  friend  Professor  Credner,  who  col- 
1  the  specimens.  ^ 

1811  Gtippert*  figured  a  number  of  dicotvledonons  leaves 
the  Quadersandstein  of  Silesia,  but  did  not  venture  to  give 
'8  to  them. 

e  next  year  Geinitz*  identified  three  species  in  the  lower 

ler  of  Saxonv  at  Niederschcina,  the  fossil   flora  of  which 

was  so  well  worked  up  by  Ettingshausen  in  1867. 

1845  Corda*  figured  some  dozen  leaves  from  Trziblitz, 

hitz,  Perutz,  and  Weberschan,  in  Bohemia,  some  of  which 

ities  he  placed  in  the  Gault,  but  they  are  probably  all  in 

Lower   Quadersandstein,   oi*   Cenomanian.     He    made  no 

ipt  to  refer  these  forms  to  genera  and  species. 

tiger's  Synopsis'  appeared  the  same  year,  in  which  sixteen 

es  of  Cretaceous  Dicotyledons  are  recognized  down  to  that 

Gdppert,*  however,  admitted  only  thirteen  species  in  his 

I  published  in  Bronn's  Naiurgeschichte^  which  also  appeared 

;bey*  in  1848  enumerates  sixteen  species  as  previously 
ished  and  adds  to  these  twenty-seven  others  from  the 
iborhood  of  Aix-la-Chapelle,  most  of  which,  however,  he 
mts  himself  to  call  PhyUites^  and  as  no  figures  were  made, 
Drobable  that  some  of  these  were  not  Dicotyledons.  He 
gives  four  Carpolithes  which  he  identifies  with  dicotyledo- 

orders. 

le  same  year  Goppert"  published  a  supplement  to  his  Flora 
e  Quadersandstein  in  which  a  number  of  Dicotyledons  are 
jnized. 

Ettingshausen 's  Proteaceen  der  Vorwelt^  1851,"  four  Creta- 

Bitrage  zur  NaturgeRchichte  der  Urwelt,  von  Jonuthnn  Carl  Zenker.    Jena, 

eber  die  fossile  Flora  dor  Quadersandstein  formation  in  Schlesien,  etc.,  in 
Acta  Natiim?  (^iirioftorum,  vol.  xix,  Taf.  xlvii,  li,  lili. 

haracteristik  der  Sehichteu  unii  Petrelacten  des  8ach8isch-l»6hniischeu 
ojrebirges,  voii  Dr.  Hans  Bruno  Geinitz.     Heft  3.  Drewlonand  Ixjipzig,  1842, 

u:  Die  Versteinerungen  der  bohmiachen  Kreideformation,  von  Aug.  Em. 
J.     Stuttgiirt,  1845-46,  Tat.  1,  li. 

anopsia  plantarum  fossilium  autoro  Fr.  Unger,  M.Dr.,  Lipsia?,  1845. 
»aturgeschic}ite   der  drei   Reiche,  xv.  2   (Mandbiich  eincr  Geschiclite   der 
r,  lii,  2)  von  Heinrich  G.  Bronn,  Stuttgart,  1840.  pp.  44-57  and  66. 
'eberfiicht  der  urweltlichcn  Pflanzen  dea  Kroidegebirgea  iiberhaupt  und  der 
lener  Kreideachichten  inabesondere,  von  Dr.  M.  Debcy,  in  Verhandlungen  des 
rhisitorischon  Vereines  der  proussischon  Hheinlande,  5.  Jahrgang  1848,  p.  113. 

Ziir  Flora  des  Quadersand steins,  in  Xova  Acta  Nat.  Our.  xxii,  1.  p.  365. 

Sitzun^berichte  der  mathem.-naturw.  Clasae  der  kaiserlichen  Academic  der 
senschaflen,  Wien.    Bd.  vii,  Heft  iv,  1851,  p.  711. 
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ceous  species  are  enumerated^  and  Yon  Otto"  in  bis  AddUa- 
mejite,  1862 — 54,  also  described  Proteace«e  from  the  Quader  of 
Saxony;  while  Miquel^^  in  1853  described  a  few  Dicotyledons 
from  the  upper  Cretaceous  of  Limburg. 

In  1856  IDunker^*  described  and  figured  in  the  PoiktonJlO' 
graphica  four  species  from  Blankenburg  in  addition  to  those  of 
Zenker,  and  one  cluster  of  fruit  which  he  believed  to  belong  to 
Oteclneriq,  and  to  indicate  strongly  that  those  ancient  plants 
belonged  to  the  Polygonaceae,  Zenker  had  divined  that  they 
might  be  amarantaceous. 

One  year  later  Stiehler"  reviewed  in  the  Palceontographica 
the  whole  subject  of  th(*  Cretaceous  flora  of  the  Harz  mountains, 
and  added  to  all  previous  results  the  discoveries  made  bj 
Hainpe,  a  druggist  of  Blankenburg,  in  the  marls  near  that 
place.  Out  of  the  numerous  forms  of  Credtiena  he  carves  a 
new  genus  which  lie  calls  Etlinyshausenia^  and  of  which  he 
makes  eight  species.  He  admits  seven  species  of  Oredneria^ 
and  figures  several  others  which  he  calls  new  species,  but  with- 
out assigning  specific  names  to  them. 

Tiius  far  America  had  contributed  nothing  to  the  flora  of  the 
Cretaceous,  but  in  1858  Heer  described  in  the  proceedings  of  the 
Academy  of  Natural  Sciences  of  Philadelphia^*  eight  species  of 
Dicotyledons  which  had  been  collected  by  Doctor  Hayden  in 
Kansas  and  Nebraska.  These,  however,  he  erroneously  be- 
lieved to  be  Miocene. 

Tlie  next  year  Mr.  Lesquereux"  contributed  a  paper  to  this 
Journal  in  which  a  number  of  fossil  plants  from  Nanaimo,  Van- 
couver's Island,  and  from  Bellingham  Bay  were  described  as 
Miocene.  It  is  now  known  that  Nanaimo  is  Cretaceous,  and  his 
paper  enumerates  six  species  of  Dicotyledons  from  that  locality. 

Xotliing  further  appears  to  have  been  done  until  1863,  when 
Dr.  Newberry^'*  reported,  in  the  Boston  Journal  of  Natural  His- 
tory upon  certain  fossil  plants  from  Orcas  Island,  British  Colum- 
bia, collected  by  the  Northwest  Boundary  Commission.    He 

"  .\(l(lit:niu«iito  /,iir  Flora  (lis  C^uaclorjrcbirges  in  »Snohwn,  von  Krnst  von  Otto. 
Il<*fi  li.  L«.'i])zitr.  l!^r»l.  ]>.  11. 

'■*  Ik'  fii.-^silr  plantoii  van  liet.  Krijt  in  liot  herto^rdom  Linil>nrjj,  Haarlem.  1853. 
W-rliaml.  (l»'ol.  Knart  X«*(I«t1.  i.  ])p.  .'t;> -">(). 

'  '  r<'l).'r  iiii'lirii  rHan/'iin'<!r  aiis  drni  Qnailorsandstoino  von  I^Iaukeuburg,  ron 
Willivlin  lMmk«-i-.     ''ahuoiito^'mpliica,  iv,  ISOTi,  pp.  ]7I»-183,  tab.  xxxii-xxxv. 

'  r.(-it:;i"^'<'  /UP  Kcnntiii>.<  «l«'r  vorwcltliclion  Flora  des  Kreidojcobirg<?s  im 
Ilar/c.  von  Au^nsl  Wiiliolni  ."^tithh.'r.      l'ala!(Hito«^rai)liica,  v.  pp.  45-80.  Taf.  ii-ir. 

'"  F().«sil  I'hini-  fi"  tin'  Ln\N«T  (-n'taccous  beds  of  Kansas  and  Nebraska,  by 
(»>w;il(l  Ih.-.r.      Vmr.  Acad.  Nut    >c\.  I'hil.,  l>*ftS.  pp.  UGa.  1>6G. 

■  un  .-oini^  fi'-sil  pI;int.-<  of  n-cv-iit   lonnations.  by  L.  Ix>8qnereux.  Am.  Joum 

Sci..  II.  XX vii.  l^^.'.:^  pp.  :::.:>-:;«(;. 

' "  lK'SLTi])ii«>n«j  of  fo.sMJ  plants  colK-ctcd  by  Mr.  (Joorge  Gibbs,  Ooologist  to ;be 
I*.  S.  Nortiiwt  si.  r.onndaiy  (.'((niniission  nndor  Mr.  Archibald  <.'ampboU,  L-.  S. 
<.'oninii.ssioner.  l»v  J.  S,  Ni-wbcrrv.     Boston  .baim.  Nat.  lliat.,  vii,  1803,  pp.  506- 
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red  the  horizon  Cretaceoas,  and  among  the  plants  described 
fear  Dicotyledons. 

1866  appeared  the  somewhat  famous  Phylhtes  cr(tac6es  du 
iska  of  Capellini  and  Heer,^*  the  latter  of  whom  determined 
38sil  plants  which  the  former  had  himself  helped  to  collect 
ackbird  Hill,  Nebraska,  in  the  now  well  known  Dakota 
p.  The  Cretaceous  character  of  these  fossils  was  here 
T  grudgingly  conceded  and  has  never  since  been  seriously 
ted. 

hile  America  had  been  thus  coming  forward  Europe  had 
ined  in  the  background  for  about  ten  years^  or  since 
ler's  monograph  of  the  Harz  in  1857.  It  was  not  till  1867 
Ettingshausen^  published  in  the  Sitzungsberichte  of  the 
na  Academy  his  valuable  paper  on  the  fossil  flora  of  Nieder- 
la  in  Saxony.  The  horizon  of  this  place  is  considerably 
r  than  that  of  Blankenburg  and  belongs  at  the  base  of  the 
lersandstein  formation  of  Germany.  Nevertheless,  the 
es  nearly  all  belong  to  living  genera — Quercus,  Fagus, 
5,  Laurus,  Protea,  etc.     Twenty-eight  species  are  enumer- 

the  same  volume  linger**  described  and  figured  four 
lyledons,  thus  far  unknown,  from  the  Gosau  (upper  Seno- 
I  of  Austria,  at  St.  Wolfgang  and  Neue  Welt.  Though 
jnting  himself  to  call  them  all  PliylliteSy  he  yet  ventured  to 
n  two  of  them  to  the  Magnoliace«  and  two  to  the  Prote- 

• 

turning  to  America,  we  find  in  1868  the  two  most  impor- 
contributions  yet  made  in  this  country  to  the  Cretaceous 
of  the  west.  These  were  Dr.  Newberry's  Notes  on  the  later 
zt  fioras  of  North  America^  published  in  the  Annals  of  the 
York  Lyceum  of  Natural  History  (April),®  and  Mr.  Les- 
?ux's  paper  in  this  Journal^  for  July  of  the  same  year, 
igh  prepared  quite  independently  of  each  other,  these  two 
rs  followed  the  same  method  and^ /cached  the  same  results, 
authors  give  lists  of  the  American  Cretaceous  species 
:n  up  to  that  date,  Dr.  Newberry  enumerating  20  and  Mr. 
uereux  21  Dicotyledons.     The  number  of  species  described 

.'erhaiidl.  d.  schweiz.  Gcsellsch.  d.  Nnturf.     Zurich,  18C«>. 

)ie  Kroidertora  von  Nioderschoena  in  iSjichson.  cin  Beitrag  zur  Kcnutniss 

esten  Dicotvlf.Mlonongewachse.  von  Const.  Freili.  v.  Kttiiigshausen.     Sitzb. 

th.  1 ,  pp.  2:15-204,  Taf.  i-iii. 

vroidepflanzen  aus  OcsttTreich,  von  Dr.  Y.  Unger.  1.  c.  pp.  <>42-fi;Vl,  Taf.  i,  11. 

The  tignrcs  corrosprmding  in  the  main  to  the  .species  here  described  wore 

hod  in  separate  form  by  the  U.  S.  G.  and  'i.  Survey  of  the  Territories,  F.  V. 

'U,  Geologist-in-charge,  under  tlie   title:    ••Illustrations  of  Crelaceoua  and 

ry  Plants  of  the  Western  Territories^  of  the  United  kStates,"  whioli  did  not 

r'uutil  1878. 

.)n  some  Cretaceous  fossil  Plants  from  Nebraska,  by  L.  Lesquereux.     Am. 

.  Sci.,  II,  xlvi,  18G8,  pp.  91-105. 
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by  Dr.  Newberry  as  new  was  45,  and  the  number  by  Mr. 
Lesquereux  was  47.  Nine  npecies  from  Fort  Ellsworth,  Kan- 
sas, included  in  Mr.  Lesquereux's  list,  the  descriptions  of 
which  did  not  appear  until  the  following  year,**  do  not  enter 
into  the  figures  above  given.  It  will  thus  be  seen  that  about 
seventy -five  species  of  Dicotyledons  had  been  described  from 
the  Dakota  Group  and  otiier  American  Cretaceous  strata  down 
to  the  year  1869. 

Far  less  could  be  said  for  Europe  at  this  date.  Hosius,*  in 
1869,  was  able  to  enumerate  in  his  Oeognosie  Wesifalens  twenty- 
five  characteristic  species  of  the  Quadersandstein,  which  had  been 
described  and  figured  either  by  Von  der  Marck*  or  by  himself.'' 
In  this  year,  too,  Heer  published  his  Fossil  Flora  of  Moletein  in 
MShren,  which  belongs  to  the  lower  Quadersandstein,  or  base  of 
the  Cenomanian.  Twelve  species  are  described  and  carefully 
figured. 

In  Hayden's  annual  rejwrts  of  tlie  geological  survey  of  the 
Territories  for  1870  and  1871'^  Lesquereux  continues  to  enlarge 
the  list  of  American  species,  and  in  1872,  Heer,"  in  his  Fossil 
Flora  of  Queci/inburf/  makes  further  additions  to  that  of  Europe. 

We  arc  thus  brought  down  to  the  year  1874,  which  is 
marked  by  three  very  important  publications. 

Schimpcr's  Traite  de  Paleontologie  V^etale  was  completed  in 
that  year,  in  the  fourth  volurae^^  of  which  109  species  of  Creta- 
ceous Dicotyledons  are  recognized.  Of  these  46  are  American, 
which  shows  that  the  author  was  far  behind  in  the  literature  of 
the  subject.  He  also  expresses  serious  doubts  as  to  the  Creta- 
ceous age  of  these  })lants,  although  this  had  been  long  settled 
here  beyond  a  j)erad venture. 

Next  should  be  mentioned  Heer's  Krcidejiora  der  Arctischen 
Zone^  which  apj)eared  in  1874  in  volume  three  of  his  Fhra 
FossiUa  Artica,  In  this  work  he  describes  one  solitary  dicoty- 
ledonous species  {Populus  jfrimceva)  in  the  schists  of  Kome— 
Urgonian — l)y  far  the  most  ancient  form  thus  far  met  with,  and 
33  s])ecics  in  the  higher  strata  of  Atane,  which  are  now  gener- 

**  Oil  fossil  leaves  from  Fort  Kllsworth,  Nebraska.  TransaotioDS  of  the 
American  riiilosophioal  Society.  I'liiladelphia.  vol.  xiii,  new  series,  pp.  430^^3, 
pi.  xxiii. 

'■  I'ie  in  der  WosKalisohen  KreMelbimation  vorkon)niondon  IMlanzenreate 
(Beitrii^e  ziir  (leo^nosio  Wesifalens),  von  A.  Mosius.     Minister.  18G9. 

"•  FosHile  .  .  .  I'tlanzen  aus  dein  Plattenkalk  von  Sen<ienhor8t.  Pal£bOUto> 
Krapliiea,  xi,  180r». 

'"  T'elt-T  I'ini^re  Dioolyledonon  der  wosifiilischen  Kreideformation,  Pala>ODto- 
jjrapljij'a,  xvii,  li.  pp.  80-l(U,  Taf.  xii-xvii. 

*"  Heitriiiie  ziir  Kreidolioni.     1.     Flora  von  Moletein  in  Miihrcn.     Zurich,  1869. 

'■'  On  the  fos-^il  i>lants  of  the  ( ■retiJC(?ons  and  Tertiarj'  fomiations  of  Knosas 
and  Nebraska.  Ann.  Hep.  lt<7(>.  p.  '.^Hl  Fossil  Flora,  Oretjiceoiis  Strata.  KanMS. 
Ann.  Hep.  1871,  p.  'MU. 

■*"  l?eitra>?e  zur  Kroidellora.     II.     Ziir  Kreideflora  von  Quedlinburg. 

^>  Pp.  G77-679. 
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ally  believed  to  correspond  with  the  Cenomanian  of  Europe. 
These  researches  of  Heer  appeared  too  late  to  be  embodied  in 
Schimper's  great  work. 

Finally,  as  crowning  this  fruitful  yearns  labor,  appeared  Mr. 
Lesquereuxs  important  quailK)  volume  on  the  "Cretaceous 
Flora  of  the  Western  Territories,"*^  reviewing  the  results  of  all 
previous  researches  in  this  country,  and  describing  and  illustra- 
ting 107  species  of  American  Cretaceous  Dicotyledons.  In  Hay- 
den's  annual  report  for  the  same  year**  26  species  are  described 
and  some  figured,  but  most  of  these  were  also  more  fully 
treated  in  the  Cretaceous  Flora, 

During  the  succeeding  six  years  little  activity  was  manifested 
in  this  field,  the  attention  of  paleobotanists  being  principally 
directed  to  the  floras  of  later  formations,  but  in  1880  Hosius 
and  Von  der  Marck  published  in  the  Palzontographica^  their 
Flora  der  weat/alischen  Kreide/ormaiion^  an  important  work 
reviewing  the  entire  Cretaceous  flora  of  Westphalia.  Although 
fossil  plants  had  been  found  throughout  almost  the  entire  Cre- 
taceous series  as  there  represented,  still  it  was  only  in  the  Seno- 
nian  that  any  Dicotyledons  were  detected.  At  two  quite 
distinct  horizons  within  the  Senonian  such  plants  were  found, 
37  species  being  credited  to  the  upper  and  2-t  to  the  lower 
Senonian,  or  61  species. 

Quite  an  important  paper  by  Dr.  Debey  appeared  in  1881* 
describing  certain  very  interesting  querciform  leaves  from  the 
sands  of  Aix-la-Chapelle.  Fifteen  species  are  described  and 
well  illustrated,  all  of  which  are  referred  to  Dryophyllum,  a 
genus  founded  long  ago  by  Debey  on  unpublished  material 
and  to  which  Saporta  refers  four  of  the  forms  from  the  traver- 
tines of  S&anne.  It  had  been  announced*'  that  Debey  had 
collecte(J  in  the  vicinity  of  Aix-la-Chapelle  no  less  than  two 
hundred  species  of  dicotyledonous  plants,  and  it  is  to  be  hoped 
that  this  paper  may  form  a  beginning,  at  least,  of  the  much- 
needed  work  of  acquainting  vegetable  paleontologists  with  the 
nature  of  this  remarkable  flora. 

The  sixth  volume  of  Heer's  Flora  Fossilis  .Arti'ca  appeared 
in  1882.  In  this  the  Cretaceous  flora  of  Kome  and  Atane  are 
reviewed  with  fresh  materials.     While  unable  to  find  any  com- 

"  Contributions  to  the  Fossil  Flora  of  the  Weatcrn  Territories,  Part  1.    The 
Cretaceous  Flora.    By  L.  Lesquercux,  being  Report  of  the  U  S.  Geological  Sur- 
vey of  the  Territories,  F.  V.  Ilayden,  Geologist-iu-charge,  vol.  vL     Washington 
1 874.  ' 

»•  Pp.  271-365,  pi.  i-viii. 

•♦  Vol.  xxvi,  1880. 

••  Sur  les  feuilles  qucrcifonncs  des  sables  d'  Aixla-Chapelle,  par  M.  Debey. 
Bnixelles,  1881.  (Compte  rendu  du  Oongres  de  botanique  et  d'  horticulture' 
1880.) 

*®  Schimper,  Traito  de  Paleontologie  V^getale,  Paris,  1869-1874.  Tome  iii  pn 
671,  673.  '    *^* 

AM.  JouB.  Sol—Third  Sbbibs,  Vol.  XXVII,  No.  160.— Apkil,  1884. 
30 
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panioTis  for  the  solitary  Populus  of  Kome,  he  adds  largely  to 
the  dicotyledonous  flora  of  Atane.  From  33  species  in  1874 
this  flora  now  rises  to  95.  In  the  seventh  volume  of  the  same 
work,  which  unfortunately  must  now  be  the  last,  a  new  Creta- 
ceous flora  is  announced,  that  of  Patoot,  also  in  Greenland, 
which  is  regarded  as  extreme  upper  Cretaceous.  Dicotyledons 
here  abound  and  no  less  than  74  species  are  made  known  in 
Heer's  work. 

Within  the  past  few  months  an  important  paper  has  been 
contributed  to  the  Royal  Society  of  Canada  by  Principal  Daw. 
son,*  in  which  30  species,  mostly  new,  from  two  distinct  hori- 
zons of  the  Cretaceous  of  British  Columbia  are  described  and 
figured. 

Lastly  I  am  able  to  add  to  this  enumeration  one  of  the  most 
important  works  that  has  ever  been  produced  on  vegetable 
paleontology,  but  which  is  still  unpublished,  though  now  ready 
for  the  press.  I  refer  to  Mr.  Lcsquereux's  Oretaceoiis  and  To-- 
tiary  Floras^  which  is  to  form  the  eighth  volume  of  the  series  of 
quartos  of  the  U.  S.  Geological  Survey  of  the  Territories 
in  charge  of  Dr.  F.  V.  Hayden.  In  this  work  the  author 
again  exhaustively  reviews  the  entire  subject  of  the  Amer- 
ican Cretaceous  flora,  and  we  find  the  number  of  Dicotyle- 
dons thus  far  yielded  by  the  Dakota  Group  to  have  reached 
167.  In  his  table  of  distribution  he  attempts  to  embrace  the 
flora  of  the  entire  Cenomanian  formation,  to  which  he  doubtlesB 
rightly  believes  our  Dakota  Group  lo  belong.  The  total  num- 
ber of  Dieotvledoiis  thus  marshaled  is  312.  Lar^e  as  these 
figures  seem,  tliere  is  much  reason  to  believe  that  they  fall 
in  both  eases  c<>nsi(ierablv  below  the  actual  state  of  science  at 

•  ■ 

the  [)resent  time;  as  will  be  seen  by  the  tabular  statement  given 
below. 

If  we  now  turn  from  this  strictly  chronological  enumeration 
to  a  eonsidenition  of  the  strati«iraphieal  position  in  which  these 
plants  have  been  foijnd.  as  indicating  their  relative  age,  we 
shall  find  the  results  no  less  interesting  than  is  the  history  of 
their  discovery. 

The  various  countries  of  the  globe  where  geology  is  studied 
have  a(lo[>te(l  divisions  for  their  geological  formations  corre^ 
ponding  to  the  character  of  the  rocks  in  each  country.  These 
divisions  cannot  be  made  to  harmonize  with  exactness  when  it 
is  sought  to  compare  widely  separated  regions.  The  attempi 
here  made  to  correlate  the  sub-divisions  of  the  European,  Arctic 
and  North  American  Cretaceous  can  therefore  at  best  only  lay 
claim  to  approximate  accuracy. 

*®  Transactions,  pp.  15-34,  pi.  i-viii. 
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The  Qaadersandstein  of  Germany,  in  which  the  greater  part 
of  the  European  fossil  plants  have  been  found,  is  an  extensive 
formation,  reaching  in  Saxony  and  Bohemia  from  the  lower 
Cenomanian  to  the  White  Chalk,  or  upper  Senonian.  Its 
middle  portion  is  occupied  by  the  Planer  sandstone,  and  Planer 
marls,  which  extend  downward  into  the  upper  Cenomanian 
and  upward  to  the  base  of  the  Senonian.  The  somewhat  local 
character  and  indefinite  boundaries  of  the  Quader  formations 
have  rendered  it  customary  on  the  Continent,  even  with  Ger- 
man geologists,  to  adopt  tlie  system  of  d'Orbigny  as  pow  mod- 
ified and  to  speak  of  the  Cenomanian,  Turonian  and  Senonian 
instead  of  Lower  Quader,  Planer  and  Upper  Quader,  and  it  is 
also  now  common  to  apply  these  terms  to  formations  in  other 
parts  of  the  world  which  are  supposed  to  occupy  the  same  stra- 
tigraphical  positions. 

The  leading  European  localities  from  which  Cretaceous 
Dicotyledons  have  been  collected  are:  Saxony  (Nietlerschcina), 
Moravia  (Moletein),  Bohemia  (Trziblilz,  Peruiz),  Silesia  (Op- 
peln,  Tiefenfurth),  the  Harz  district  (Blankenburg,  Quedlin- 
burg),  Westphalia  (Legden,  Sendenhorst),  and  the  vicinity  of 
Aix-la-Chapelle.  The  first  four  of  these  localities  belong  to 
the  lower  Quadersandstein,  or  Cenomanian,  that  of  Nieder- 
schdna  lying  near  its  base.  The  Cretaceous  of  the  Harz 
district  is  probably  lower  Senonian.  In  Westphalia,  Hosius 
and  Von  der  Marck  find  fossil  Dicotyledons  at  two  different 
horizons,  both  of  which,  however,  they  place  in  the  Senonian. 
The  region  about  Legden,  Ahaus,  Ilaltern,  etc.,  is  regarded  as 
lower  Senonian,  while  Sendenhorst,  Haldein,  etc.,  are  said  to 
be  upper  Senonian.  The  iron-sand  near  Aix-la-Cliapelle  is 
probably  still  higher  and  occupies  the  extreme  upper  Senonian. 

The  next  greatest  source,  outside  of  the  United  States,  of  the 
class  of  fossils  under  consideration  is  Greenland.  Tlie  Konie 
beds,  as  already  remarked,  are  distinctly  fixed  in  the  Urgonian, 
which  is  lower  Cretaceous,  and  lies  between  the  Neocomian  and 
the  Gault.  The  discovery  of  a  dicotyledonous  plant  at  this 
horizon  is  one  of  the  most  interesting  facts  of  paleontolog- 
ical  science.  The  beds  of  Atane,  where  the  greater  part  of  the 
species  were  found,  although  called  uj)per  Cretaceous  by  Heer, 
are  admitted  by  him  to  exhibit  in  their  fossil  remains  so  close. 
a  relationship  with  the  American  Dakota  Group  as  to  render  it 
probable  that  they  are  of  the  same  aoje.  Paioot,  on  the  other 
hand,  is  set  down  as  extreme  upper  Cretaceous,  and  Ileer  says 
that  its  invertebrate  fauna  indicate  its  identity  with  the  Fox 
Hills  of  our  Western  Territories. 

The  localities  in  British  Columbia  from  which  Cretaceous 
Dicotyledons  have  come  are  all  regarded  by  the  Canadian 
geologists  as  upper  Cretaceous.     The  inland  portions,  situated 
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on  the  Pine  and  Peace  rivers,  are  said  by  Dr.  Dawson  to  corres- 
pond to  the  Niobrara  of  the  northwestern  United  States,  which 
he  also  correlates  with  the  lower  Senonian  of  Europe.  Van- 
couver's Island  and  the  localities  on  the  Pacific  coast  are  higher 
and  are  placed  in  the  upper  Senonian,  though  he  does  not 
correlate  them  witli  any  of  the  groups  of  American  geologists. 
Fossil  plants  were  found  on  the  Bow  and  Belly  river  which  is 
said  to  agree  with  the  Pierre  Group  but  the  dicotyledonous 
remains  appear  to  have  been  indistinct  and  indeterminable. 

With  tlie  exception  of  the  Dakota  Group,  which  is  commonly 
regarded  as  Cenonianian,  and  in   which  such  a  profusion  of 
dicotyledonous  vegetation  is  embedded,  no  fossil  plants  have 
thus  far  been  described  from  the  Cretaceous  of  the  western 
Territories.    Nevertheless,  I  have  myself  collected  and  brought 
to    Washington    tlie  past  season  some  dicotyledonous  leaves 
from  a  locality  on  the  uj)per  Missouri  river  some  seven  miles 
below  Coal  Banks,  whose  position  is  fixed  with  certainty  in 
the  Fort  Pierre  Group,  No.  4  of  Meek  and  Hayden,  which  Dr, 
C.  A.  White  regards  as  merely  forming  the  lower  portion  of  the 
Fox  Hills.    The  material  thus  obtained,  though  meager  and  frag- 
mentary, is  sufficient  to  render  it  quite  certain  that  we  here 
have  forms  nearly  allied  to  Platanus  latiloba  of  Newberry  {Sassa- 
fras mirahiJe  Lesqx.)  and  perhaps  connecting  this  with  Platanus 
nolnlis  Newby.,  from  the  Laramie  strata  that  overlie  these  beds, 
as  well  as  forms  resembling   Quercus  salicifolia  Newby.,  and 
other  Cretaceous  genera  and  species.     There  is  therefore  ground 
for  hoping  that  when  this  and  other  similar  localities  are  thor- 
oughly studied  a  new  Cretaceous  flora  may  come  to  light  in 
the  northwest. 

I  have  in  this  paper  intentionally  omitted  all  consideration 
of  the  great  Laramie  group  although  this  is  regarded  by  many 
as  Cretaceous.  This  is  because  it  seems  at  least  to  be  more 
recent  than  an}^  of  the  European,  Arctic  or  British  American 
plant-bearing  beds,  while  its  abundant  flora  consists  in  large 
part  of  types  represented  in  the  Miocene  of  Europe. 

It  thus  aj.>pears  that  throughout  both  hemispheres  the  con- 
ditions required  for  the  preservation  of  vegetable  remains  in 
Cretaceous  time  have  existed  in  a  marked  degree  during  two 
epochs  only,  the  Cenomanian  and  the  Senonian,  separated  from 
each  other  by  a  period,  perhaps  equal  to  either,  auringwhich 
marine  forms  of  animal  life  are  chiefl}'  found.  A  few  JDicoty* 
ledons  only  occur  in  the  Turonian  of  Europe,  as  e.g.  Magnolia 
telonnensis  from  Toulon,  while  the  Colorado  Group  (Fort  Ben- 
ton, Niobrara)  of  our  Western  Territories  has  thus  far  proved 
destitute  of  plant  life. 

If  now  we  take  up  the  several  subdivisions  of  the  Cretaceous 
formation   in    their  stratigraphical  order,  beginning  with  the 
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lowest,  we  shall  see  that  in  the  Neocomian,  or  lowest  member, 
no  plant  remains  of  the  sub-class  we  have  been  studying  have 
as  yet  ever  been  detected." 

In  the  Urgonian,  or  next  higher  group,  one  species,  Popuhis 
primcBva  Heer,.  has  been  collected  at  Pattorfik  in  Greenland. 
In  volume  vi  of  his  Flora  Fossilis  Arctica,  which  appeared  in 
1882,  or  eight  years  subsequent  lo  the  original  description  of 
this  plant,  Heer  continued  to  adhere  to  this  species  as  well  as 
to  its  anomalous  stratigraphical  position. 

The  Gault,  like  the  Neocomian,  has  thus  far  furnished  no 
Dicotyledons,  though  not  always  destitute  of  plant  remains.^ 

It  is  with  the  Cenomanian  that  there  seems  lo  have  burst  in 
upon  the  world  a  great  and  luxuriant  dicotyledonous  vegeta- 
tion. It  is  found  alike  in  Saxony,  Bohemia,  Silesia,  in  Green- 
land and  in  the  western  United  States.  Upwards  of  three  hun- 
dred and  fifty  species,  representing  all  three  of  the  divisions  of 
the  sub-class  {Apetalce^  Polypetaloe^  Oamopatelce\  and  consisting 
chiefly  of  living  genera  have  been  described. 

It  was  formerly  supposed  that  the  beds  at  Blankenhurg  occu- 
pied a  much  lower  position  than  that  to  which  I  have  assigned 
them,  and  such  as  would  place  them  in  the  Turonian,  at  least, 
if  not  in  the  Cenomanian,  and  Mr.  Lesquereux,  in  the  large  and 
im()ortant  work  which  is  about  to  appear,^  includes  the  species 
of  Heer's  Quedlinburg  Flora  in  his  table  of  distribution  of  the 
Cenomanian.  It  is  now  quite  certain,  however,  that  the  CreUi- 
ceous  of  the  Harz  district  is  much  higher,  and  authorities  seem 
to  agree  in  placing  it  in  the  lower  Senonian.  On  the  other 
hand  the  upper  boundaries  of  the  Cenomanian  in  France  and 
elsewhere  are  somewhat  imperfectly  established.  For  this  and 
other  reasons  I  have  felt  justified  in  relegating  the  few  species 
that  have  been  classed  as  Turonian  to  the  Cenomanian,  of 
which  great  group  they  seem  to  be  but  straggling  outliers. 

In  the  Senonian,  both  in  Europe  and  in  British  Columbia, 
two  quite  distinct  horizons  for  fossil  plants  seem  to  occur,  sep- 
aratea  from  each  other  by  a  considerable  interval.  In  view  of 
this  I  have  attempted  to  divide  this  group  into  two  horizons 
and  am  thus  able  to  show  the  lower  and  upper  Senonian  separ- 
ately. From  the  lower  Senonian  we  have  about  eighty  species 
and  from  the  upper  about  one  hundred  and  eighty. 

••  The  supposed  Neocomian  Dicotyledons  of  Riisaia  (Kicliwald,  Lethaja  rossica, 
ij,  pp.  68  et  seq.)  are  shown  l.»y  Heer  (Fl.  foss.  arct.  ii",  Theil  2,  ^^.  26)  to  come 
fbom  the  lower  Senouian  correflpoDding  to  the  U&r/j  district. 

*'  Heer  assigns  the  plant-heda  of  Spitzberiren  to  the  (luult  (1.  c.  S.  24).  and 
Coemans  finds  nine  new  spacics  of  fossil  planti}  in  the  Cretaceous  of  Ilaiuaut 
(M^m.  de  Tacad.  Royale  do  Belgi(iue,  xxxvi,  1867)  whicli  Briart  and  C!omet  (L  c. 
zxztii,  p.  46)  placed  in  the  Gault. 

■•  Oretaceous  and  Tertiary  Floras.  Report  of  the  U.  S.  Geol.  Survey  of  the 
Territories,  vol.  viii.     Washington,  1883.  » 
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The  following  table  exhibits  the  number  of  dicotyledonoos 
species  thus  far  recognized  in  each  of  the  groups  of  the  Creta- 
ceous for  the  four  principal  geographical  areas  within  which 
they  have  been  collected  : 

Cretaceous  Dicotyledons, 


GffOlO^CHl  POflltlOO. 

Europe. 

Greenland. 

British 
Amrrlca. 

United 
States. 

Total 

Upper  Senonian  .  . 

81 

74 

24 

^  ^ 

179 

Lower  Senonian 

.     67 

.  ^ 

14 

^  ^ 

81 

Turonian 

»  w 

.  . 

^  ^ 

^  ^ 

« . 

Ccnomnnian      \ 

-     53 

114 

351 

Dakota  Group  ) 

-. 

^  ^ 

w  M 

184 

Gault. 

w  « 

w   tm 

^  ^ 

^  ^ 

^  . 

Urgonian 

Neocomian. 

- 

1 

■•  « 

•  • 

1 

Total 

..  201 

189 

38 

184 

612 

As  all  the  plants  with  which  we  are  here  concerned  are  found 
in  the  Cretaceous  some  may  be  surprised  that  this  paper  should 
have  been  entitled  Mesozoic  rather  than  Cretaceous  Dicc^tvledons. 
The  reason  for  the  title  chosen  is  simply  that  it  may  tend  some- 
what to  enlarge  the  view  of  the  true  history  and  age  of  this 
great  type  of  vegetation.  When  we  see  that  more  tnan  three 
hundred  and  fifty  species  of  fully  developed  Dicotyledons, 
implying  the  existence  of  many  more,  were  flourishing  in  all 
their  present  luxuriance  in  the  middle  Cretaceous,  and  that 
even  in  the  lower  Cretaceous  one  species  is  known  to  have 
existed  belonging  to  a  genus  that  still  survives,  we  cannot  if 
we  would,  repress  the  thought  that  the  ancestors  of  these  forms 
must  have  come  down  through  older  periods  of  the  Mesozoic. 

That  we  shall  ever  discover  the  true  progenitors  of  the 
known  Dicotyledons  it  is,  of  course,  impossible  to  say,  but  that 
they  had  progenitors  science  no  more  hesitates  to  assume  than 
any  one  would  iiesitate  to  assume  that  a  foundling  child  must 
have  had  parents.  Moreover,  such  is  the  slow  and  secular 
character  of  the  development  of  living  forms  on  the  globe  that 
no  one  would  suppose  it  possible  for  so  prominent  a  group  of 
plants  as  were  the  Dicotyledons  in  the  Cenomanian  age  to  have 
attained  that  condition  in  anything  short  of  a  vast  geologic 
period. 

It  is  to  be  hoped  that  we  are  at  last  approaching  the  begin- 
nin<i,  at  least,  of  a  solution  of  this  truly  great  problem  of  the 
origin  of  the  Dicotyledons.  1  have  myself  seen  at  least  one 
sliglit,  it  may  be,  but  very  interesting  sign  of  possible  progress 
in  this  direction.  Certain  quite  defective,  but  very  instructive, 
specimens  collected  in  the  upper  Jurassic  of  Virginia  by  Pro- 
fessor Wm.-M.   Fontaine,  and   which  he  kindly    brought  to 
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Washing^D  for  my  inspection,  certainly  possess  all  the  essen- 
tial elements  of  dicotyledonoas  leaves,  althoagh  at  the  same 
time  bearing  a  certain  recognizable  stamp  of  the  cryptogamic 
and  gymnospermoos  vegetation  that  characterizes  that  earlier 
age.  What  is  to  ^  tBe  final  verdict  of  science  upon  these 
forms  cannot  now  be  told,  but  it  is  to  be  hoped  that  the 
Meisozoic  strata,  not  only  in  Virginia,  but  in  all  parts  of 
the  world  may  be  diligently  searched  and  the  materials  care- 
fully studied,  with  a  view  to  discovering  these  certainly 
merely  ^'missing  links"  of  a  chain  that  can  but  have  been 
once  complete. 

It  is  remarkable  that  both  in  its  flora  and  its  fauna  the  life  of 
this  continent  has  been  thus  abruptly  truncated.  The  sudden 
irruption  of  a  perfectly  developed  mammalian  fauna  at  the 
beginning  of  the  Tertiary  is  not  less  astonishing  than  the 
appearance  unaimounced  of  many  hundreds  of  species  of  highly 
organized  dicotyledonous  plants  in  the  middle  Cretaceous. 
The  advocates  of  special  creation,  and  likewise  the  hunters  after 
a  lost  Atlantis,  were  they  informed  upon  the  facts  which  science 
itself  so  plainly  teaches,  could  ask  no  stronger  argument  for 
either  of  their  positions.  But  such  persons  are  usually  not  so 
informed,  and  it  seems  almost  impossible  for  them  to  become 
so  and  still  hold  such  views,  for,  fortunately,  knowledge  is  a 
poison  that  contains  its  own  antidote,  and  the  very  possession 
of  the  facts  suffices  to  preclude  a  perverse  use  of  them. 


Art.  XXXrV. — On  the  Tourmaline  and  Associated  Minerals  of 
Auburn^  Maine ;  by  George  F.  Kunz. 

(Bead  before  the  American  Association  for  the  Advancement  of  Science,   at 

Minneapolis,  August,  1883.] 

In  1868,  the  Rev.  Luther  Hills  called  attention  to  a  specimen 
of  tourmaline  found  by  Mr.  G.  C.  Hatch  on  the  farm  of  the  latter. 
At  this  time  some  work  was  done,  but  only  one  crystal  being 
found,  which  was  cut  into  a  fine  2  kt.  light  green  gem,  the  local- 
ity was  abandoned  on  the  ground  that  the  deposit  was  probably 
a  superficial  one.  (See  The  Tourmaline,  by  Dr.  A.  C.  Hamlin, 
pp.  72,  73).  After  this  considerable  searching  was  made  and 
•ome  blasting  was  done,  and  in  1883,  Mr.  N.  H.  Perry,  of 
South  Paris,  found  the  tourmaline  in  place.  The  locality  is 
Mount  Apatite,  which  is  about  four  miles  north  of  west  of  the 
cities  of  Lewiston  and  Auburn,  Maine.  The  work  to  date, 
[January,  1884,]  has  all  been  carried  on  in  a  space  twenty  by 
eight  feet,  and  to  a  depth  of  eight  feet.     Nearly  1500  crystals 


304    O,  F.  Kvmz — Towrmaline  and  associated  JUnerals. 

have  been  found,  from  very  small  ones   lO™'  to   the  lai^est 
one  105°^  long.     They  diflFer  in  general  appearance  from  the 
other  Maine  tourmalines,  and  are  as  a  rule  somewhat  lighter 
in  color  and  of  more  brilliant  polish.     They  are  found  color- 
less, light   pink,  light  blue,  light   pude  colored,  bluish  pink, 
and    light  green,   and   at  times    nearly  all   these   colors  are 
found  in  one  crystal.     As  a  rule  sections  show   the   charac- 
teristic variety  of  color,  such  as  blue  and  pink,  green  and  pink, 
colorless  and  green  or  pink,  or  bluish,  when  viewed  through 
the  length  of  the  crystal. '  Some  of  the  faintly  colored  crys- 
tals afforded  gems  that  deepened   very   much    in   color  after 
cutting. 

The  crystals  are  generally  hcmimorphic,  terminated  with  a 
modified  pink  cap  at  one  end,  and  at  the  other  with  a  basal 
termination  which  is  often  white,  and  either  loose  in  the  can- 
ties,  or  else  on,  and  oftentimes  penetrating,  smoky  quartz  and 
feldspar.  The  majority  of  the  crystals  were  more  or  less 
flawed.     Faces  commonly  observed  are :   0,  ^,—  i,  /,  t-2. 

LtpidoUte  was  found  in  some  abundance,  in  distinct  isolated 
hexagonal  crystals  implanted  in  layers  on  masses  of  this  min- 
eral, or  on  crystals  of  quartz  and  feldspar.  Although  not 
sharply  enough  defined  for  good  measurements,  they  arc  the 
finest  crystals  of  this  mineral  that  I  have  as  yet  observed  from 
any  locality.  In  size  they  vary  from  1°*"  to  8™"  in  width,  and 
from  1°'"*  to  15""^  in  length,  and  large  masses  of  parts  of  crystals 
30"'"*  to  40"'°'  in  width  have  been  observed. 

The  apatite  is  finer  in  color  and  form  than  any  as  yet  observed 
at  an}'  American  locality.  It  occurs  light  pink,  purple,  light 
blue,  blue-green  and  green,  and  the  luster  and  transparency 
are  so  perfect  as  to  resemble  at  times  the  tourmaline  found 
with  it.  Some  were  sold  as  gems  by  the  enthusiastic  local 
collectors,  although  the  softness  renders  it  unfit  for  that  pur- 
pose. Faces  observed  commonly,  are  0,  i,  1, 1-2,  2-2,  /,  i-2. 
The  crystals  occur  singly  or  in  small  groups,  and  vary  in  size 
from  1"""  to  15™"*  in  length,  and  from  1™"^  to  20°*°*  in  width. 

The  (juartz  occurs  in  crystals  which  are  smoky  in  color  and 
nearly  200"*"*  long.  These  and  nearly  all  the  crystallized 
quartz  here  are  capped  or  coated  with  a  white  opaque  coating, 
anil  the  large  quartz  crystals  are  at  times  penetrated  by  the 
colon»d  tourmalines. 

The  alljiff,  which  resembles  the  cleavelandite,  of  Chesterfield, 
Mass.,  occurs  here  in  abundance,  in  plates  piled  together  and 
forming  irregular  and  triangular  spaces.  In  these  spaces  and 
on  the  sides  of  the  crystals  are  found  implanted  nearly  all  the 
minerals  described. 

The  other  associated  minerals  are  orthoclase,  beryl,  garnet, 
cassiterite,  gummite,  autunite,  muscovite,  leucopyrite,  cookeil^^ 
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biotite,  ambljrgonite,  zircon  and  a  mixture  of  orthoclase  and 
quartz  forming  a  graphic  granite. 

To  Mr.  N.  B[.  Perry  much  credit  is  due  for  his  care  and  zeal 
in  developing  this  locality,  and  I  am  indebted  to  him  for  his 
kindness  in  furnishing  all  the  information  at  his  command,  and 
for  loaning  specimens  without  obligation  to  purchase. 

August,  1883. 


Art.    XXXV.  —  On    Andalusite  from    Oorham,    Maine ;    by 

George  F.  Kunz. 

[Bead    before    the   American  Apsociation    for   the  Advancement  of   Science^ 

August,  1883.] 

At  Gorham,  Maine,  on  the  shores  of  Sebngo  Lake,  some  ex- 
cavating was  done  for  a  road  about  one  year  ago,  and  in  a 
mass  of  rock  thrown  out  in  blasting,  Mr.  Hayden,  of  Raymond, 
Maine,  found  the  specimens  of  andalusite  now  exhibited. 
These  crystals,  for  perfection,  color  and  size,  are  equal  to 
those  found  at  any  known  locality  where  this  mineral  does 
not  occur  in  gem  form.  The  color  is  mostly  a  brownish  fl^h 
tint  and  at  times  the  pink  hue  fades  to  a  faint  grayish  pink. 
The  crystals  are  opaque  but  translucent  in  pieces  of  from  3°*"  to 
6""  in  thickness.  A  broken  crystal  measured  90°^  (a),  53°*"  {b\ 
48"°*  (c).  Several  measured  over  80""  in  length,  and  one  frag- 
ment of  a  large  crystal  measured  55""  on  one  face,  and  may 
have  measured  originally  over  70""  on  the  prism.  Some  crys- 
tals are  very  small,  being  1""  in  diameter.  The  specific  grav- 
ity was  as  follows :  of  No.  1,  3*2,  of  No.  2,  3*4.  The  hardness 
on  the  side  of  the  prism  is  from  6  to  6*5,  on  the  0  plane 
about  7*5. 

The  crystals  consist  of  a  simple  orthorhombic  prism  with  the 

0  plane  largely  developed;  the  other  faces  have  not  been  fully 

determined  as  yet,  but  are  possibly  14  and  l-L     They  occur 

in  a  quartzyte  vein  in  a  mica  schist  of  a  brown  color,  scattered 

through  which  are  beautiful  small  crystals  of  pyrrhotite.  These 

which  I  exhibit  and  a  few  fragments  are  all  that  have  been  found 

as  yet  in  the  locality.     A  hastv  visit  to  the  place  failed  to  bring 

to  light  an}'^  more  specimens,  the  rock  having  been  thrown  into 

the  excavation  and  all  traces  of  the  mineral  thus  obliterated. 

More  attention  paid  to  this  locality  would  probably  repay  the 

mineralogist  with  a  good  reward. 
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Art.  XXX VL — On  t/ie  White  Oarnelform  Wakefield,  Canada; 

by  George  F.  Kunz. 

fBead  before  the  American  Asaooiation  for  the  Advancement  of  Science,  at  thi 

Minneapolis  Meeting,  Aug^ust,  1883.] 

At  McBride>,  Lot  7,  Range  1,  Township  of  Wakefield,  21  * 
miles  north  of  Hull  on  the  right  bank  of  tne  Gatineau  River, 
Canada,  there  have  been  foand  some  remarkable  white  garnets. 
This  occurrence  has  been  known  to  a  number  of  collectors  for 
some  years,  but  as  yet  little  information  regarding  it  has  beea 
published.  On  visiting  the  locality  I  found  that  the  garnets 
occur  in  a  vein  from  several  inches  to  over  one  foot  in  width  ia 
the  crystalline  magnesian  limestone,  and  I  traced  the  vein  east 
and  west  a  distance  of  over  75  feet  This  vein  has  been  fol- 
lowed to  the  depth  of  more  than  six  feet.  The  crystals  vary 
in  size  from  1"°*  to  bO™"  in  diameter  and  in  color  from  color- 
less to  yellow  and  brown ;  some  of  them  are  transparent 
enough  to  yield  small  gems.  The  brown  color  is  very  often 
the  result  of  the  oxidation  of  the  associated  pyrrhotite.  The  • 
form  is  that  of  a  dodecahedron,  either  alone  or  modified  bjthe 
trapezohedron  2-2. 

Associated  with  the  garnet  are  crystals  of  pyrrhotite  and  fine 
crystals  of  a  white  pyroxene,  the  adhering  crystals  being  held 
together  suificicntly  by  the  pyroxene  to  form  fine  groups  of 
this  mineral  when  the  limestone  has  been  removed  by  acii 
Perfect  isolated  crystals  are  very  uncommon.  Determinations 
of  the  specific  gravity  of  the  mineral  gave  3*6002  and  3'5948; 
of  the  Orford  garnet  3*52  and  3*53.  An  analysis  of  the  garnet 
by  C.  Bullrnan,  Ph.B.,  yielded  the  following  results: 

Silica r 38-80 

Alumina 22-66 

Sesquioxide  of  iron 1*75 

Oxide  of  manganese    '3 

Lime 35- 

Ma<jrnesia   -68 

99-19 

The  spectroscope  gave  no  potassium  lines,  soda  was  not  de- 
termined. 

An  analysis  of  white  garnet  from  Orford,  Canada,  by  T. 
Sterry  Hunt  (see  Geological  Survey  of  Canada,  p.  496),  gave 

SiOa        AUO,        CaO        MgO        FoO,  MuO        Na,0,K,0        ign 
(38-00       22-71      34-83      0*49  1-60  0*47        1 -10=99-80 
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Art.  XXXVII. — Horizontal  Motions  of  small  Floating  Bodies 
in  relation  to  the  Validity  of  the  Postulates  of  the  Theory  of 
Capillarity  ;  by  John  LeConte. 

That  my  attempt  to  refer  the  phenomena  of  the  horizontal 
motions  of  small  noating  bodies  under  the  action  of  capillary 
forces,  "exclusively  to  tne  elastic  reactions  of  the  tense  surface 
film,  whose  form  is  modified  by  the  proximity  of  the  partly 
immersed  solid  bodies,"*  should  not  have  commanded  the 
assent  of  many  physicists,  was  to  have  been  expected.  The 
imperfections  and  shortcomings  of  my  explanation  of  this  class 
of  phenomena  in  relation  to  the  accepted  theory  of  capillarity, 
as  pointed  out  in  the  articles  of  Mr.  J.  T.  Riley  and  Mr.  A.  M. 
Worthington,f  served  to  fix  my  attention  on  the  difficulties 
and  ambiguities  which  invest  one  of  the  most  obscure  and 
unsatisfactory  points  in  molecular  mechanics.  The  still  more 
recent  discussions  of  Laplace's  ** Theory  of  Capillarity"  by 
Lord  Bayleigh  and  by  Mr.  Worthington,:|:  afford  glaring  illus- 
trations of  the  perplexities  which  environ  the  mathematical 
theory  of  this  class  of  phenomena. 

A  more  careful  and  somewhat  prolonged  consideration  of 
these  difficulties  has  led  me  to  question  the  validity  of  one  or 
more  of  the  fundamental  postulates  of  the  generally  accepted 
physical  theory  of  capillarity,  and  to  seek  for  a  solution  of  some 
of  these  perplexities  in  the  erroneous  assun^ptions. 

These  postulates^  as  enunciated  by  the  late  Prof.  J.  Clerk- 
Maxwell  {Encyc,  Britannica,  ninth  edition,  Article  "  Capillary 
Action  ''),  may  be  stated  as  follows : 

1.  "For  any  given  liquid  surface,  as  the  surface  which  sepa- 
rates water  from  air,  or  oil  from  water,  the  surface-tension  is 
the  same  at  every  point  of  the  surface  and  in  every  direction. 
It  is  also  practically  independent  of  the  curvature  of  the  surface, 
although  it  apj)ears  from  the  mathematical  theory  that  there  is 
a  slight  increase  of  tension  where  the  mean  curvature  of  the 
surface  is  concave,  and  a  slight  diminution  where  it  is  convex. 
The  amount  of  this  increase  and  diminution  is  too  small  to  be 
directly  measured."  Moreover,  tense  liquid  films  "act  like  a 
sheet  of  india-rubber  when  extended,  both  in  length  and 
breadth,  that  is,  it  must  exert  surface-tension.  The  tension  of 
the  sheet  of  india-rubber,  however,  depends  on  the  extent  to 
which  it  is  stretched,  and  may  be  different  in  different  direc- 
tions ;  whereas,  the  tension  of  the  surface  of  a  liquid  remains  the 

♦  This  Journal,  III,  vol.  xxiv,  pp.  416-425,  December,  1882.     Also  Phil.  Mag., 
V,  vol.  XV,  pp.  47-56,  Jaimarv,  1883. 
t  PhU.  Mag.,  for  March,  1883,  p.  191  et  p.  198. 
\  Phil.  Mag.,  for  October  and  November.  1883,  p.  309  et  p.  339. 
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same  however  much  the  film  is  extended,  and  the  tension  at 
any  point  is  the  same  in  all  directions." 

2.  It  is  generally  assumed  that  Young's  law  of  the  con- 
stancy of  the  angle  of  contact  between  the  surface  of  any  given 
liquid  and  a  given  solid,  obtains  under  the  same  conditions  of 
cleanness  and  of  temperature;  and  notably  in  all  cases  in  which 
the  surface  of  the  solid  has  been  well  wetted  with  the  liquid. 

These  constitute  ihc  essential  postulates^  so  far  as  the  mathe- 
matical theory  relates  to  the  surface-tension  of  liquid  films  as 
the  physical  cause  of  capillary  phenomena.  And  to  this  aspect 
of  the  subject  our  attention  will  be  restricted. 

The  admirable  mathematical  researches  of  Laplace  in  rela- 
tion to  this  intricate  problem  in  molecular  mechanics,  confirmed 
as  they  were,  in  all  essential  features,  by  the  more  refined  ana- 
lytical  investigations  by  Gauss,  of   Poisson,   and   of   Hagen, 
seemed  to  have  long  satisfied  physicists  that  the  mathematical 
theory  of  capillarity  fully  accounted  for  all  the  observed  phe- 
nomena.    The  discrepancies  between  theory  and   experiment 
brought  prominently  to  notice  by  the  careful  experiments  of 
M.   Simon  (of  Metz),*  confirmed  as  they  have  been  by  the 
experimental  researches  of  Bode, — do  not  seem   to   have  dis- 
turbed confidence  in  the  essential  validity  of  the  fundamental 
principles  of  the  physicrd  theory.     And  the  still  more  glaring 
inconsistencies  of  the  theory,  revealed  in  the  remarkable  post- 
humous memoir  of  M.  G.  Wertlieim,f  do  not  seem  to  have 
attracted   the  attention  which  thcv  deserve.     The  results  oh- 
tained  by  the  last  nieiitioncd  experimenter,  Prof.  J.  P.  NicholJ 
regards  as  invalidating  the  basis  of  the  mathematical   theory, 
and  he  maintains  that  the  whole  subject  needs  to  be  re-investi- 
gated, under  a  fuller  and   wider  view  of  the  conditions  of  the 
physical  probloni. 

Indeed,  it  is  very  evident,  that  notwithstanding  the  classical 
researches  of  Laplace,  Gau.ss  and  Poisson,  and  the  mote  recent 
investigations  of  Dupre  and  Maxwell,  ihe  mathematical  theory 
of  capillarity  presents  diiliculties  which  have  not  yet  been  fully 
surmounted.  In  common  with  many  other  problems  in  molec- 
ular physics,  we  here  encounter  diificulties  and  uncertainties 
originating  in  thedilVercnt  physical  interpretations  of  the  math- 
ematical processes  and  tlieir  results.  They  involve  the  consid- 
eration of  the  true  si^^nilication  of  mathematical  results  which 
are  known  to  have  been  reached  by  |)rocesses  which  are 
not  rvjoronslu  (.vact.  Many  of  the  difierential  equations  are 
utterly  unnianagoable  an<l  incapable  of  integration  unless  cer- 
tain assumptions  an?  made.     Hence  questions  arise  in  relation 

*  Ann.  (le  Chiin.  ot  do  Tlivs.,  Ill,  vol.  xxxii,  pp.  5-41,  1851. 

t  Ami.  tie  Chiin.  et  de  l»livs>.,  IJI,  vol.  Ixiii,  pp.  129-201,  18G1. 

i  Cyc.  of  tlie  riiysical  Seienct-s,  Article  "  Capillarity,"  Third  Edition,  1868. 
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to  the  warrantableness  of  such  assamptions  in  particular  cases, 
[n  short,  we  plunge  into  the  quicksands  of  partial  differential 
equations,  of  discontinuous  functions  and  of  integrals  containing 
arbitrary  functions,  the  arbitrariness  of  which  has  a  significa- 
tion in  the  applications  of  the  functions  to  physical  questions. 

In  the  mathematical  theory  of  capillarity,  the  integration  of 
the  fundamental  differential  equations  is  only  capable  of  being 
effected  in  certain  particular  cases,  so  that  experimental  verifi- 
cation has  been  confined  within  very  narrow  limits.  Beyond 
these  restricted  boundaries  we  are  virtually  deprived  of  the 
assistance  of  those  wonder-working  mathematical  symbols  whose 
brief  logic  speaks  so  convincingly  to  the  human  intellect.  For, 
it  must  be  borne  in  mind,  that  in  problems  of  this  character,  no 
deduction  from  anal3^sis  is  worthy  of  confidence  which  does  not 
admit  of  a  rational  physical  interpretation,  capable  of  being 
tested  by  observation  or  experiment. 

Restricting  myself  to  the  consideration  of  the  physical  cause 
of  the  horizontal  motions  of  small  floating  bodies  when  brought 
near  to  one  another,  it  is  evident  that  if  the  surface  tension  is 
precisely  the  same  in  all  parts  of  the  liquid  surface  and  is  not 
at  all  modified  by  the  formation  of  the  adjacent  meniscuses, — 
and  further,  if  the  angle  of  contact  of  the  liquid  with  the  solid 
remains  constant — the  horizontal  as  well  as  the  vertical  com- 
ponent of  the  elastic  reaction  of  the  intervening  tense  film  must 
be  independent  of  its  radius  of  curvature.  Now,  the  question 
is,  are  these  two  conditions  or  postulates  realized  in  the  class 
of  phenomena  under  consideration?  Some  physicists  have 
thought  it  possible  that  the  angle  of  contact  might  vary  with 
the  curvature  of  the  film  adjacent  to  the  wall  of  the  solid ;  but 
the  invariability  of  this  angle,  at  least  in  the  case  of  liquids 
which  wet  the  surfaces  of  the  solids, — seems  to  be  generally 
admitted,  as  verified  by  numerous  experiments,  provided  the 
temperature  remains  the  same. 

But  the  postulate  that,  at  a  given  temperature,  the  surface- 
tension  of  a  given  liquid  film  is  independent  of  the  radius  of 
mrvature,  is  by  no  means  certain.  On  the  contrary',  there  are 
I  number  of  capillary  phenomena,  which  seem  to  point  to  a 
Ducb  more  complete  analogy  between  the  reaction  of  a  tense 
jlastic  film  of  liquid  and  that  of  an  extended  sheet  of  india- 
•ubber,  than  is  indicated  by  Prof.  Maxwell  in  the  postulate, 
[ndeed,  they  seem  to  render  it  almost  certain  that,  like  the 
extended  sheet  of  india  rubber,  the  tension  of  the  surface  film 
of  the  liquid  depends  upon  the  extent  to  which  it  is  stretched  ; 
and  consequently,  that  when  the  film  becomes,  from  any  cause, 
sharply  curved^  the  tension  is  really  augmented. 

In  fact,  the  assumption  of  the  constancy  of  the  tension  of 
liquid   films  at  given  temperatures,  under  all   conditions  of 
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extension  and  curvature,  is  evidently  a  mathematioal  deduc- 
tion from  Jurin's  experimeDtal  law  in  relation  to  the  elevation  or 
depression  of  liquids  in  tubes  and  between  parallel  plates. 
Now,  it  is  well  known,  that  this  law  is  very  far  from  being 
experimentally  verified  for  tubes  of  moderately  large  diameters 
and  for  parallel  plates  at  considerable  distances  apart.  In 
other  terms,  the  constancy  of  the  tension  of  liquid  films  is 
approximately  verified  by  such  experiments,  only  when  the 
radius  of  curvature  is  very  small. 

Now,  in  the  class  of  phenomena  under  consideration,  the 
radii  of  curvature  of  the  meniscuses  are  not  very  small.  The 
movements  of  the  floating  bodies  are  observed  to  take  place 
when  they  are  more  than  two  centimeters  distant.  The  ques- 
tion of  fact  to  be  decided  is,  do  the  tensions  of  the  external  and 
internal  meniscuses  change  with  the  alteration  of  the  curvature 
of  the  united  intervening  meniscus  due  to  the  proximity  of  the 
partly  immersed  floating  solids?  If  experiment  answers  this 
Question  in  the  affirmative,  then  the  horizontal  components  of 
the  tensile  reaction  of  the  exterior  and  interior  meniscuses  be- 
come unequal,  notwithstanding  the  constancy  of  the  angle  of 
contact  of  the  liquid  film  with  the  two  sides  of  each  of  the  float- 
ing solids :  hence  the  bodies  are  urged  in  the  direction  of  the 
greater  horizontal  component  due  to  the  change  of  tension. 

Before  submitting  the  experimental  evidence  in  relation  to 
this  question,  it  is  proper  to  indicate  more  definitely  how  the 
surface-tension  of  a  liquid  film  is  measured.  This  important 
capillary  coufitant^  usually  designated  by  T,  is  defined  by  Max- 
well,* "either  as  the  surface  energy  per  unit  of  area,  or  as  the 
surface-tension  per  unit  of  contour,  fbr^the  numerical  values  of 
these  two  quantities  are  equal."  Hence  in  the  case  of  a  liquid 
surface  in  contact  with  the  surface  of  a  solid,  the  whole  surface-  ^ 

tension  at  the  line  ot  contact  of  the  liquid  film  is  equal  to  Tx 

length  of  contour  in  unit  lengths. 

Assuming  the  constancy  of  the  angle  of  contact  and  tli«^  ^ 
constancy  of  tlie  surface-tension  (T),  it  is  easy  to  deduce  Ji:^ 
rin's  law  for  the  elevation  or  depression  of  liquids  in  tubes  aiK  ^ 
between  parallel  i)latcs;  and  conversely,  to  find  the  numeric^/ 
value  of  T,  liio  assumed  constant  of  surface-tension.     Thusl^^ 

d  =  diameter  of  vertical  tube, 

and  (/'=:  distance  between  vertical  parallel  plates. 

T=  tension  per  unit-length  of  contour,  for  tubes, 

and  T'=  tension  per  unit-length  of  contour,  for  parallel 
j)late8. 

a  ^  angle  of  contact  (constant),  for  tubes, 

and  (/  :=  angle  of  contact  (constant),  for  parallel  plates. 

*  "Kncyc.  Britanuica,"  Xintli  Kd.,  Article,  "Capillary  Action." 
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to  =  weight  of  unit-volame  of  liquid,  for  tubes, 

and  11)^  weight  of  unit-volame  of  .liquid,  for  parallel 
plates. 

h  ^  mean  height  of  meniscus  above  level,  for  tubes, 

and  h!  ^  mean   height   of   meniscus    above    level,   for 
parallel  plates. 

Then  for  cylindrical  tubes,  the  whole  force  exerted  at  the 
margin  of  the  surface  of  the  liQuid  in  the  interior  =7rdxT ;  and 
its  vertical  component  =  ;rdxTXcos  a.  This  latter  must  be  in 
equilibrium  with  the  weight  of  the  column  of  liquid  elevated 
or  depressed  above  or  below  the  hydrostatic  level.    This  weight 

=^--d*XwXh,    Hence,  equating  this  force  with  the  vertical  com- 

*  n 

ponent  of  the  tension,  we  have  --d^XwXh  =  ndX^X  cos  a  *.  • 

h  =  — -= ;  which  gives  Jurin's  law  of  inverse  diameters. 

«  Xw                                                         2T'X  cos  a 
Similarly,  for  Parallel  Plates,  we  have,  A'= .    And, 

as.  according  to  the  postulate,  for  any  given  liquid  and  solid, 
we  must  have  T  =  T',  it  follows  from  the  above,  that  when 

'  2 

From  the  foregoing  equations,  expressions  for  the  values  of 
T  and  T'  can  be  readily  deduced  :  Thus,  we  have, 

^      hxdXw        ,  rvM      h'xd'XiJO 

1  =  —- ,  and  1  =  — . 

4cos  a  2cos  a 

In  the  case  of  water  in  a  clean  glass  tube  which  has  been 
well  wetted  with  that  liquid,  the  angle  a  is  very  generally  as- 
sumed to  be  2ero,  that  is  to  say,  the  interior  wall  of  the  tube 
is  tangential  to  the  marginal  surface  of  the  meniscus, — so  that 
cos  a  =1.  This  assumption  is  in  the  highest  degree  improbable  ; 
for,  in  the  case  of  all  liquids  which  wet  the  surface  of  glass 
tubes,  experiment  shows,  that  the  value  of  a  depends  upon 
temperature.  It  appears  from  the  experiments  of  Briinner  and 
of  Wolf  on  the  elevation  of  ether,  bisulphide  of  carbon,  oil  of 
naphtha,  and  alcohol  contained  in  strong  capillary  glass  tubes ; 
that  when  subjected  to  high  temperatures,  each  of  these  liquids 
was  observed  to  descend  with  the  increase  of  temperature, — 
the  meniscus  becoming  less  and  less  concave,  and  at  length  the 
surface  of  the  liquid  in  the  tube  becomes  horizontal^  ova  =90®. 
In  such  cases,  doubtless,  the  value  of  T  likewise  undergoes  a 
progressive  diminution  with  augmentation  of  temperature.  In 
view  of  the  above-indicated  experimental  results,  it  is  curious 
to  witness  the  persistency  with  which  the  assumption  is  reitera- 
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uA  hy  even  the  best  physicists,  that  the  valne  of  a  for  water 
in  acl'^n  glass  tuVjft  is  zero.* 

More^^ver,  even  urid':r  ordinary  conditions  of  temperature  and 
pprssure.  the  careful  exjjcrirnents  of  Quinckef  prove,  that  at 
the  tenjperature  of  20'  <C.j,  the  actual  angle  of  contact  (a)  of 
water  v;ith  clean  u^lass  in  the  prei=ence  of  air  =25^  32'.  How- 
ever, thin  factor  U;ing  eonsiani  for  any  given  tenriperature,  its 
ab.Viliit/;  value  does  not  alter  the  result  so  far  as  the  exj^erimental 
U:yi  is  concerned].  For  uny  j(i  ven  liquid  at  a  given  temperature, 
if  the  ^/nuIaUi,  that  T  or  T'  is  iuvariahk,  is  true,  we  should 

.  h/fl/v:      h'/ft/^r       r*       .     .      yc         •/  2         j  i^       j 

Jiave  =  =  Oonsiant.     >ow,  if  n  and  A,  and 

4  /  eos  a       *2  /  cos  « 

rf  and  '/'  are  nneasured  in  centimeters,  in  the  case  of  water  w=l 

gram  weiglit;   so  that  the  formulic-  give  the  values  of  T  and 

'i"  in  grarns  weight  per  centimeter  of  contour.     Consequently, 

for  water  in  contact  with  clean  glass,  we  have 

I    per  centimeter  of  contour  =    — arams  weight. 

h'  yaT  y,\ 
T'  iHT  centimeter  of  contours     ,     grams  weight 

Now,  according  to  this  fundamental  postulate  of  the  capillary 

*  'I'll*;.-!*;  r\\i\uv*'.^  in  tljf  vjiln'^a  of  T  and  a.  ilii«.'  to  tlie  influenoo  of  iemptratun, 
aro  not  \ufi)U.-*i:M*'til  witli  th(;  n-niiirkuhle  deductions  annouoccd  bv  the  gnat 
^iHnn"i'-T  rhiiiaut  as  *:arly  an  174.';  (Tli'V^rif;  de  la  Fijriire  de  la  Terre.  Paris,  1808. 
pj>.  I'».'j-I2'"^  To  nhow  tfjj.^.  I'.l  P -: inolor-iilar  attraction  of  iho  li'^uid  for  itself; 
p:  inoirr/Mihir  attr.'ulion  oi  ifii-  H^lid  for  tho  liquid.     Then,  Clairaut  indicate*] the 

V  P 

following  Ijiw-^  :  (1)  Wlicu  p  -    t  the  meniscuH  i.«  ljorizout<il ;  (2)  When  «>_,  ibe 

'I  ■) 

-         j> 

tnuul^f'u^  in,  «:o[icavfc  ;  Ci)  Whuii  jf^    .  tho  meniscus  is  convex.     Now,  in  the  case 

♦2 

of  \v{it<!r,  aUrohol,  fcthcr,  etc.,  in  conUict  witli  clean  glasH,  at  ordinary  tempera* 

i» 
tun.'.'--,  jr'>     •   '""i  assuiiiiii;^  t}i;it  wlicn  ttir*  f.'mporaturo  augineut.s,  the  attraction 

it 

of  th<'  Holid  for  tin*  lir|uid  (;;)  dirniiiiHhos  Jnaitr  than  tho  attraction  of  the  liquid 

p 
for  its*;)!'  (V)\   it  i.s  nvidont,  that  at  a  wrtain  definite  temperature. /)  must  =—, 

m 

and  ron«fMpM'Htly,  tin-  nKMiis^-uB  hr-r-onios  horizontal :  and  at  a  still  /tij/Arr  tern* 
jxT.'iMin;  y'^    .  and  tJK- lur/niHfu.*-  hi-^'f/nn'S  vinwi-x.     The  expcTimenla  of  Brunner 

and  of  Wolf  hav  Vf-rilii-d  thfj-o  dcdui-tions  in  the  case  of  several  liquids  wLicli 

p 
wet  ^H:is>«.     <)\\  tlnr  conirary,  in  tin*  can*'  of  mercury  in  (rontact  with  glast*,  /)<-  ; 

HO  t)i:it,  when  tlic  tcHtperiiturc  aii^nK'tits  ;>  liec^^mes  still  smaller^  the  nioniKOl 
in«T«':iH.<'H  in  convexity  and  tlic  dcjirrs-.ion  is  au'jm^iiU'xU  This  last  result  has 
b<'<Mi  coiifirnjfd  hy  tin-  «'.\iK.'rinionlM  of  Krankenliuim,  who  found  tho  deprosaionoi 
niOHMiry  in  ^'1;»hs  tnh'r*-  to  in?  anjfnn'nt'td  by  incrraHp  of  temjKjrature. 

■|  I'hii.  ^IslJ.^,  IV,  vol.  xli,  p.  2»;.'),  (Table  .\).  1«71.  In  a  later  memoir  Quincke, 
(IMiil.  Ma^.,  V,  \"l  V,  p.  Wi'.K  1«7M,)  foun«l  lliis  anj,dc  (/z)=28'  48' for  waUT  in 
jfla.-M  capillary  lubes,  llj.-i  nxiM-rinicnts  hIhav  tliat  tho  value  of  a  depends  on  the 
cloiniir.sn  of  the  ^las.s ;  but  il  ncvtjr  iM'Cauje  Ztro,  except  under  extraordinary  dr* 
cuiuhtanctiH. 
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r,  these  values  should  be  the  same  for  the  same  liquid  at 
me  temperature  ;  and  moreover,  these  values  ought  to  be 
ime  for  all  variations  of  h  and  d,  and  h'  and  d^  respect- 
Finally,  as  this  postulate  depends  upon  the  verification 
rin's  law,  it  follows  that  the  products,  hxd  and  h'xd' 
jtively  ought  to  be  constant  for  each  pair  of  the  factors ; 

so,  that  when  d=^d\  /i'xd'=  . 


jse  deductions  of  theory  can,  unfortunately,  only  be  ex- 

entally  tested  in  the  case  of  water  in  contact  with  clean 

In  ordt^r  to  make  the  comparison  of  the  results  of  the- 

id  experiment,  I  have  computed  the  following  table  in 

the  values  of  d,  h,  d  and  h!  are  furnished  by  the  admi- 

experiments  of  M.  Simon  (of  Metz).*     The  value  of  a 

en,  in  accordance  with  Quincke  experiments,  as  =25°  32' ; 

lasmuch  as  this  divisor  is  assumed  to  be  constarit,  its  abso- 

alue  is  of  no  consequence  in  the  comparison. 


Water  n 

h  in 
millime- 
ters. 

^  TUBK8. 
hxd. 

Water 

BETWEEN 

Paralli 
h'  X  d'. 

!L  Plates. 

hxd 
T  ■ 

d'  in 
millime- 
ters. 

;/  in 
millime- 
ters. 

h'xd' 

T'= ^ 

2  COS  a 

in  grame. 

percentim. 

of  contour. 

le- 

■^~4cosa 

it)  f^rams. 

percentim. 

of  contour. 

0 

0019 

0-481 

0-0013 

23000 

0.0-.' 1 

0-49 

00027 

0 

0*2(J0 

3G00 

00100 

l><-000 

0-062 

1-12 

0-0062 

0 

0-440 

61 00 

0-0171 

i  14000 

0-140 

1-96 

'      0-0109 

0 

1-51C 

12-986 

003G0 

1   10-000 

0-340 

3-40 

0-0188 

0 

HG50 

19710 

00546 

5000 

1-250 

6-25 

0034G 

0     . 

12-800 

28-160 

0-0780 

2  090 

4-230 

8-84 

0-0490 

0 

24-000 

30-000 

0-0831 

1-260 

7-420 

9-35 

00518 

0 

55-600 

31-692 

0-0878 

0-518 

19-300 

9-91 

00549 

0 

89000 

32-040 

0-0888 

0-404 

25000 

10-10 

0-0560 

0 

233000 

32-620 

0-0904 

0-140 

73-780 

10-33 

00572 

0 

G63000 

33-150 

00918 

5 

1 333-000 

33-325 

00923 

2 

2884-000 

34-608 

0-0959 

61 

6828-000 

41-651 

0-1154 

glance  at  the  numbers  contained   in  the  foregoing  table 
V  indicates  the  followinor  conclusions: 
The  numbers  in  the  columns  headed  dxh  and  dx'h  show 
hirin's  law  fails  to  be  even  approximately  verified,  when 
d  respectively  exceed  0'2  of  a  centimeter. 
That  when  d='d'^  dxh'  in  all   cases  falls  short  of  being 

to ;  the  ratio  of  the  products,  under  these  condi- 

*  Ann.  de  Chim.  et  do  Phys.,  TIT,  vol.  xxxii,  pp.  12  et  19,  (1851.) 
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tions,  instead  of  being  as  1  to  2,  as  the  theory  demands,  is  more 
nearly  as  1  to  ;r,  as  pointed  out  by  Simon. 

3.  The  numbers  in  the  columns  of  T  and  T'  show  that  if  the 
angle  of  contact  remains  the  same,  the  computed  values  of  the 
lurf ace- tensions  in  the  cases  of  tubes  and   parallel   plates,  are 
not  constant  under  variations  of  d  and  d'  respectively  ;  in  fact, 
tliey  do  not  even  approach  constancy   until  //  and  d^  become 
respectively  less  than  0*2  of  a  centimeter.     On  the  contrary, 
the  values  of  T  and  T'  respectively  augment  with  the  diminu- 
tion oi  d  and  d\     Thus,  a  change  in  the  value  of  d  from  1'8  to 
1*4  centimeters  increases  T  in  the  ratio  of  100  to  171 ;  and  a 
similar  change  in  d'  augments  the  value  of  T'  in  the  ratio  of 
62  to  109.     Again,  a  change  in  the  value  of  d'  from  1*0  to  0*5 
centimeters,  increases  T'  from  0*0188  to  0*0346  grams  per  cen- 
timeter of  contour.* 

4.  The  same  columns  show,  that  instead  of  T  being  equal  to 
T'  (as  required  by  theory),  the  former,  under  the  same  values 
of  d  and  d\  always  exceeds  the  latter  in  nearly  the  ratio  of  1*6 

to  1,  or  —  to  1. 

In  the  light  of  these  experimental  results,  it  would  almost 
seem  that  the  somewhat  ambiguous  expression  ** superior  ten- 
sion "  of  the  intervening  meniscus  used  by  me  in  my  article  on 
the  "  Apparent  Attractions  and  Repulsions  of  small  Floating 
Bodies  f  (to  which  exceptions  have  been  justly  taken),  is, 
after  all,  the  declaration  of  a  physical  reality. 

In  applying  these  results  of  experiment  to  the  explanation 
of  the  horizontal  motions  of  small  floating  bodies,  it  must  be 
borne  in  mind  that  the  phenomena  under  consideration  begin 
to  manifest  themselves  when  the  bodies  are  at  such  distances 
from  one  another,  that  these  alterations  of  surface-tension  be- 
come comparatively  large  as  their  proximity  increasea  In 
other  terms,  we  liuve  seen  that  the  value  of  the  surface-tension 
instead  of  being  constant  under  all  conditions,  as  the  theory  of 
capillarity  assumes,  is,  in  reality,  an  inverse  function  of  the 
radius  of  curvature  of  the  meniscus;  so  that  the  elastic  reac- 
tion of  the  tense  liquid  film  acts  unequally  on  the  opposite 
sides  of  the  floating  bodies,  and  thus  becomes  the  true  physical 
cause  of  their  motions. 

Thus  far  I  have  considered  the  phenomena  in  question  as 
due  exclusively  to  the  change  in  the  surface-tension  incident  to 
the  proximity  of  the  floating  solids;   but  it  is  evident  that  a 

*  Tlie  value  of  the  assumed  "capillary constant,"  T,  for  water  given  bv Quincke 
0'08253  grains  per  centimeter  of  contour,  evidently  corresponds  to  its  value  in  t 
glass  tube  wliose  internal  diameter  is  about  0'15  of  a  centimeter.  In  the  C.  G.  & 
system  this  is  equivalent  to  008253  x(/=:80-9G2  dynes. 

f  This  Journal,  III,  vol.  xxiv,  p.  121,  December,  1882. 
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change  in  the  magnitude  of  the  angle  of  contact,  would  like- 
wise produce  similar  results.  It  is,  a  priori^  by  no  means  ira- 
probaole  that,  at  the  same  temperature,  there  may  be  some 
change  in  this  angle  with  a  change  in  the  radius  of  curvature 
of  the  meniscus;  but  inasmuch  as  such  alterations  in  this  angle 
could  hardly  have  escaped  observation,  it  seems  more  probable 
that  the  phenomena  are  due  to  the  changes  of  surface-tension 
in  portions  of  the  film  investing  the  floating  masses. 

It  is  highly  desirable  that  similar  comparisons  of  the  results 
of  theory  and  experiment  should  be  extended  to  other  liquids 
than  water;  in  other  words,  Simon's  experiments  should  be 
repeated  with  other  liquids. 

It  is  not  my  purpose  to  supplement  my  previous  article  by 
any  further  discussion  of  the  difficulties  and  inconsistencies  of 
the  hydrostatic  explanation  of  this  class  of  phenomena: — like 
Prof.  J.  D.  Everett,  I  find  it  difficult  to  *' conceive  of  negative 
pressure  existinsj  in  the  interior  of  a  liquid."  In  this  paper  I 
have  endeavored  to  establish  the  reality  of  the  inequality  of  the 
tensile  reaction  of  the  liquid  film  on  the  opposite  sides  of  the 
floating  bodies  when  they  are  brought  near  to  one  another. 
This  principle  obviously  explains  the  motions  in  each  of  the 
three  cases  considered  in  my  previous  paper;  while  at  the  same 
time,  it  serves  to  connect  these  phenomena  with  the  perplexing 
capillary  movements  due  to  the  difference  of  the  surface-ten- 
sions of  different  liquids  or  of  the  same  liquid  in  different 
states,  which  have  engaged  the  attention  o(  Tomlinson,  Van 
der  Mensbrugghe  and  others.  In  both  classes  of  phenomena, 
the  motions  are  obviously  due  to  modifications  o\  ihe  tensile 
reaction  of  the  surface  films  in  parts  that  are  adjacent  to  one 
another. 

Berkeley,  California,  Japuarj  15,  1884. 
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I.  Chemistry  and  Physics. 

1.  On  the  reduction  of  Gases  to  Nortnal  Volume. — In  the  or- 
dinary methods  of  measuring  gases,  long  and  tedious  calculations 
are  required  to  reduce  the  results  to  normal  volume.  Kreusler 
has  proposed  an  apparatus  by  which  these  reductions  may  be  much 
facilitated.  It  consists  of  a  U-tube,  one  of  whose  legs  terminates 
in  a  funnel  and  the  other  in  a  pipette-like  enlargement,  this  latter 
ending  above  in  a  capillary  tube.  The  gas-vessel  thus  formed  has  a 
capacity  of  about  50  c.c.  actual ;  but  its  capacity  is  called  100  units 
of  volume,  and  a  mark  is  made  on  the  tube  below  the  bulb,  cor- 
responding to  this  capacity.  A  graduation  based  on  these  units 
is  continued  downward  as  far  as  is  necessary;  to  120  in  the  author's 
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apparatus.  Since  the  graduation  permits  a  unit  to  be  divided  in- 
to tenths,  each  division  corresponds  to  0*001  of  the  normal  volume 
of  the  instrument.  The  adjustment  is  made  by  filling  the  tube 
with  mercury  nearly  to  the  100  mark,  and,  as  the  measurement 
is  generally  made  on  moist  gas,  adding  a  layer  of  water  of  equal 
depth  on  each  surface.  A  calculation  is  then  ma<lc  to  determine 
the  space  which  100  units  of  volume  of  dry  air  at  the  normal  tem- 
perature and  pressure  would  occupy  when  moist  and  under  the  tem- 
perature and  pressure  shown  by  the  thermometer  and  baromeler 
at  the  time  of  the  calculation  ;  and  the  water  meniscus  is  brought 
carefully  to  this  exact  reading  on  the  scale  of  the  instrument. 
The  capillary  tube  above  is  then  closed  w^ith  wax  ;  or  after  re- 
peated experiments  have  proved  the  adjustment  correct,  it  is 
closed  by  fusion  of  the  glass.  To  use  the  apparatus,  the  mercury 
is  brought  to  stand  at  the  same  lieight  in  both  legs  of  the  tube, 
and  the  level  of  the  water  meniscus  is  read  off;  call  it  o.  Then 
for  any  volume  V  of  a  gas  at  the  same  temperature,  the  volume 
•  V^  dry  and  at  normal  pressure  is  given  by  the  j)roportion  »  :  100 

::V:Vj,;  whence  V^  =  V         .     By  surrounding   the  bulb  with 

water  it  may  readily  be  brought  to  any  required  temperature.  A 
second  form  of  the  apparatus,  less  exact  hut  smaller  and  more 
portable,  is  described  in  the  paper. — Ber,  Berl,  Chem.  Ges.^  xvii, 
28,  Jan.,  1884.  G.  F.  b. 

2.  071  the  Influence  e.i'erted  by  the  surroHndinff  Gaseous  Medium 
o?i  the  Production  of  £fectrici(y  by  Tnduction'machines, — Hkmpkl 
has  studied  the  eifect  which  varying  the  gaseous  atmosphere  sur- 
rounding a  Topler  machine  exerts  upon  its  production  of  electric- 
ity. For  this  purpose  the  axis  of  the  machine  was  made  vertical, 
passing  air-tight  through  an  iron  tablo  upon  whicli  a  glass  hell  to 
contain  the  machine,  was  secured.  The  useless  s|iace  in  this  bell 
was  filled  with  paraffin.  The  quantity  of  electricity  was  measured 
by  the  number  of  discharges  which  took  place  in  the  air  between 
the  poles  of  the  machine  from  a  Leyden  jar  in  circuit,  for  a  given 
number  of  turns  of  the  machine.  When  the  machine  was  enclosed 
in  hy<lrogen  850  rotations  per  minute  gave  9  discharges  from  the 
jar,  while  in  air  this  number  of  rotations  gave  45  discharges.  In 
carbon  dioxide,  850  rotations  gave  47  discharges,  a  portion  of  the 
gas  being  decomposed  into  carbon  monoxide  and  ozone.  With 
400  rotations  per  minute,  in  air  at  the  ordinary  pressure,  the 
machine  gave  15  discharges  of  the  jar;  while  when  the  pressure 
was  increased  to  two  atmospheres  32  discharges  were  obtained 
per  minute.  On  lowering  the  pressure  to  half  an  atmosphere,  the 
jar  could  not  be  charged.  An  attempt  to  surround  the  machine 
with  petroleum — a  substance  of  high  insulating  power — gave  no 
result.  The  researches  are  still  in  progress. — Ber,  BerL  Chem, 
Ges.,  xvii,  145,  Feb.,  1884.  G.  r.  r 

3.  On  the  method  tvrploycd  for  cleaning  the  Liebig  Statue.— 
On  the  6th  of  November,  the  marble  statue  of  Liebig,  in  Maxi- 
milian Place,  Munich,  which  had  been  erected  only  the  previons 
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August,  was  fonnd  to  be  covered  with  black  spots  and  streaks, 
some  miscreant  having  attempted  to  disfigure  it.  At  first  the 
dark  material  was  supposed  to  be  only  mud,  and  an  attempt  was 
made  to  wash  it  off.  !But  finding  this  of  no  avail,  a  commission, 
consisting  of  Drs.  Max  von  Pkttenkopbr,  Adolf  Babter,  and 
CuBMENs  ZiMMEBMANN,  was  entrusted  with  the  matter  and  em- 
powered to  examine  the  question  chemically  and  devise  a  method 
for  restoring  the  statue.  On  examination  about  300  of  these  black 
spots,  nearly  all  round  and  of  the  size  of  a  hazel-nut,  were  counted 
upon  the  statue  itself,  fourteen  being  on  the  face.  The  granite 
base  of  the  monument  was  similarly  stained.  On  testing  one  of 
these  spots,  formed  under  one  of  the  feet,  the  presence  of  man- 
ganese was  proved.  A  streak  on  the  bronze  wreath  attached  to 
the  granite  base  disappeared  when  treated  with  nitric  acid,  and 
the  solution  gave  a  precipitate  with  hydrogen  chloride  which  was 
soluble  in  ammonia  and  darkened  in  the  light ;  thus  proving  the 
presence  of  silver.  It  therefore  appeared  that  the  stains  were 
produced  by  solutions  of  silver  nitrate  and  potassium  permangan- 
ate. Laboratory  experiments  were  then  made  to  devise  a  method 
of  removing  these  stains,  which  penetrated  some  millimeters  into 
the  marble.  The  process  finally  determined  on  was  to  treat  these 
stains  first  with  yellow  ammonium  sulphide,  in  order  to*  convert 
the  silver  and  the  manganese- into  sulphides,  and  then  with  potas- 
sium cyanide,  in  which  these  sulphides  are  soluble.  Experiments 
in  the  laboratory  proving  satisfactory,  the  process  was  tried  on 
the  2(;th  of  Novemoer,  on  two  stains  upon  the  hand  of  the  statue. 
A  paste  was  made  of  fine  porcelain  clay  mixed  with  ammonium 
sulphide  and  applied  to  these  spots,  being  renewed  after  24  hours. 
The  day  after,  this  paste  was  removed,  the  stains  washed  with 
water  and  a  second  paste  applied,  made  with  clay  and  a  concen- 
trated solution  of  potassium  cyanide.  After  four  hours  the  stains 
appeared  fainter  ;  and  on  renewing  the  application,  not  the  slight- 
est trace  of  the  stain  was  observable  on  the  following  day.  The 
work  was  then  carried  forward  uninten-uptedly,  and  on  the  13th  of 
December  the  statue  was  completely  restored  to  its  original  purity 
and  beauty;  a  result  confirmed  by  the  authorities  on  the  22nd  in 
a  special  announcement. — Ber,  Berl,  Chem,   Ges.^  xvii,  230,  Feb. 

1884.  G.  F.  B. 

4.  On  the  Combustion  of  the  Diamond, — Having  obtained  some 
exceptionally  pure  and  white  specimens  of  diamond,  very  free  from 
ash,  Fbiedel  has  submitted  them  to  combustion  in  a  current  of 
oxygen  with  a  view  of  determining  the  atomic  weight  of  carbon. 
The  oxygen,  prepared  from  a  mixture  of  copper  oxide  and  potJis- 
sium  chlorate,  was  passed  over  heated  copper  oxide,  then  through 
a  Liebig  potash  bulb  and  a  series  of  U-tubes  containing  pumice 
soaked  in  potash,  caustic  potash  in  sticks,  pumice  moistened  with 
sulphuric  acid  and  phosphoric  oxide,  the  junctions  being  made  with- 
out rubber.  Bohemian  tubes  proving  too  soft  at  the  temperature 
required,  tubes  of  porcelain  were  used  in  the  combustion,  being 
heated  by  a  Wiesnegg  combustion  furnace.     The  products  of  com- 
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bnstion  passed  through  two  U-tubes  contaiDing  pamice  moistened 
with  sulphuric  acid  and  phosphoric  oxide,  then  through  a  Liebig 
potash  bulb  and  a  tube  with  pumice  moistened  with  potassium 
hydrate,  then  through  a  tube  with  solid  potash,  and  finally  through 
one  containing  phosphonc  oxide.     A  precisely  similar  series  of 
tubes  was  used  as  a  tare.  The  diamonds  were  weighed  in  a  plati- 
num boat  after  heating  to  low  redness.     Two  blank  experiments 
having  established  the  integrity  of  the  apparatus,  two  combustions 
were  undertaken.      In  the  first  0'4'705  gram  of  clear  white  Cape 
diamonds,  in  small  crystals,  were  used,  and  gave  1'7208  grams 
carbon  dioxide.     Since  the  ash  weighed  0*0007  gram,  the  carbon 
consumed  weighed  0-4698  gram.     Considering  that  of  oxygen  as 
16,  this  gives  12*017  as  the  atomic  weight  of  carbon.     Since  this 
weight  of  carbon  should  have  given  1*7229  of  carbon   dioxide, 
there  was  a  loss  of  0*0021  gram.  In  the  second  combustion  0*8621 
gram  of  diamond  was  used  and  3*1677  grams  of  carbon  dioxide 
was  obtained.     Subtracting  the  ash  0*0005,  the]*e  remains  for  the 
weight  of  carbon,  0*8616  gram.     This  gives  12*007  for  the  atomic 
weight.     Taking  12  for  the  atomic    weight,  the  carbon  burned 
should  have  yielded  3*1592  of  CO, ;  a  loss  of  0*0016  gram.     The 
ash  consisted  of  minute  white  flocks,  yellowish  in  places  and  show- 
ing small  black  specks,  some  of  which  were  attracted  by  the  mag- 
net.    Others  were  transparent  and  acted  on  polarized  light.  Cer- 
tain Brazil  diamonds  showed  nebulous  spots  of  a  dark  green  color, 
which  became  brown  at  the  temperature  of  boiling  cadmiam; 
proving  that  these  diamonds  were  formed  at  a  temperature  lower 
than  this.— 2?w//.  Soc.  Ch.,  II,  xli,  100,  Feb.,  1884.  g.  f.  r 

6.  On  the  behavior  of  Carbon  moyioxide  toward  air  andmoisi 
Phosphonts, — The  experiments  of  Remsen  and  Kaiser,  tending 
to  prove  that  carbon  monoxide  mixed  with  air  is  not  oxidized 
when  passed  over  moist  phosphorus,  having  been  questioned  by 
Leeds  and  Bauraann,  the  former  chemists  have  repeated  their  ex- 
periments, using  larger  volumes  of  air  and  taking  all  the  precaa 
tions  which  further  experience  suggested.  A  blank  experiment, 
in  which  air  alone,  carefully  purified,  was  passed  over  moist  phos- 
phorus, having  shown  the  production  of  carbon  dioxide,  the  ap- 
paratus was  reconstructed  with  the  greatest  care  so  as  to  exclude 
organic  matter  of  every  kind,  the  joints  being  all  of  ground  glass. 
The  air,  contained  in  a  gasometer  of  30  liters  capacity,  was  passed 
slowly,  two  or  three  bubbles  per  second,  first  through  a  red-hot 
tube  of  hard  glass  containing  copper  oxide,  then  through  three 
wash  bottles,  the  first  two  of  which  contained  caustic  soda  and  the 
last  baryta  water,  and  finally  into  a  bell  jar  over  mercury,  within 
whicii  floated  a  glass  pan  containing  the  phosphorus.  From  ihe 
bell  jar  the  ozonized  air  passed  through  two  wash  bottles,  the 
first  containing  distilled  water  and  the  second  baryta  water.  This 
latter  was  protected  from  the  air  by  a  potash  tube.  The  result 
was  precisely  the  same.  Ten  liters  of  air  caused  a  distinct  tur- 
bidity, and  twenty  to  thirty  gave  a  precipitate.  Hence  the  con- 
clusion of  the  authors  that  the  carbon  dioxide  obtained  must  have 
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come  from  carbon  contained  in  the  phosphorus  used.  Though 
this  conclusion  was  directly  established,  the  quantitative  experi- 
ments were  not  satisfactory,  owing  to  the  difficulty  of  regulating 
the  oxidation.  Repeating  the  above  experiment  with  carbon 
monoxide,  no  increased  production  of  the  dioxide  could  be  de- 
tected.— Ber,  BerL  Chem,  Ges,^  xvii,  83,  Jan.,  1884.        g.  f.  b. 

6.  On  the  TempercUure  obtained  by  Oxygen  in  a  state  of  JEbuUi- 
tiariy  and  on  the  Solidification  of  Nitrogen;  by  M.  S.  Wroblkski. 
— Of  all  the  gases  formerly  regarded  as  permanent,  hydrogen  alone 
showed  no  sign  of  liquefaction  at  the  temperature  of  —  1 36°  C. 
Even  when  this  gas  is  submitted,  at  the  above  temperature,  to  a 
pressure  of  150  atmospheres,  and  the  pressure  is  then  suddenly 
removed,  no  mist  is  formed  in  the  tube  containing  the  gas.  Evi- 
dently, in  order  to  liquefy  hydrogen,  we  must  employ  a  lower 
temperature  than  the  minimum  obtainable  by  means  of  liquid 
ethylene  allowed  to  boil  in  a  vacuum.  Of  the  gases  which  are 
more  difficult  to  liquefy  than  ethylene,  and  which  might  be  used 
for  the  production  of  a  much  more  intense  cold,  oxygen  appeared 
to  me  to  be  the  most  serviceable. 

The  conditions  under  which  the  liquefaction  of  oxygen  takes 
place  being  already  ascertained  by  my  previous  researches,  it  fol- 
lows that  this  gas  can,  at  the  present  time,  be  liquefied  in  consider- 
able quantities  with  great  ease.  Numberless  processes  and  appa- 
ratus are  conceivable  which  would  allow  of  this  liquefaction  being 
effected  in  such  a  manner  that  the  commercial  production  of  liquid 
oxygen,  if  I  may  so  express  myself,  is  only  a  question  of  material 
means  at  the  service  of  the  experimenter.  Thus  since  the  begin- 
Ding  of  October  I  have  used  liquid  oxygen  as  a  refrigerating  agent. 

Wben  liquefied  in  large  quantity  and  allowed  to  evaporate 
briskly  by  the  sudden  removal  of  the  pressure,  oxygen  does  not 
solidify  like  carbonic  acid,  but  it  leaves  a  crystalline  residue  on 
the  bottom  of  the  vessel  in  which  it  was  contained  in  the  liquid 
Btate  and  upon  the  object  to  be  cooled,  plunged  in  the  oxygen.  I 
cannot  say  whether  this  residue  is  composed  only  of  crystals  of 
oxygen  or  whether  it  arises  from  possible  impurities,  since  the  oxy- 
gen which  I  use  in  these  experiments  is  prepared  from  a  mixture 
of  potassium  chlorate  with  manganese  peroxide.  This  residue 
disappears  as  the  temperature  commences  to  rise.  If  the  object  to 
be  cooled  is  contained  in  a  glass  tube,  the  thin  layer  of  this  opaque 
residue  is  often  very  troublesome  to  the  observer. 

Another  circumstance,  which  renders  it  very  difficult  to  employ 
liquid  oxygen  as  a  cold-producer,  is  the  necessity  of  using  closed 
apparatus  capable  of  great  resistance.  Hitherto  I  have  not  been 
able  to  obtain  oxygen  in  a  stable  liquid  condition  under  the  pres- 
sure of  one  atmosphere.  I  have  had,  in  consequence,  to  place  the 
objects  to  be  cooled  in  the  apparatus,  which  I  till  with  liquid  oxy- 
gen, and  I  can  only  avail  myself  of  the  cold  which  the  boiling 
oxygen  produces  at  the  moment  when  the  pressure  is  removed. 
As  these  apparatus  are  in  part  constructed  of  glass,  great  incon- 
venience results  owing  to  the  constant  danger  of  serious  explosions. 
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After  several  accidents  had  occurred  daring  these  experimeDts, 
my  assistants  and  myself,  in  order  to  obviate  the  danger,  never 
worked  without  masks.  But  the  greatest  difficulty  to  contend 
with  is  the  short  duration  of  the  ebullition  of  the  oxygen,  and 
consequently  the  too  short  duration  of  the  cold. 

I  have  attempted  to  measure  the  temperature  which  the  boiling 
oxygen  produces.     For  this  purpose  I  nave  adopted  a  method  of 
thermo-electric  measurement  which,  in  addition  to  being  highly 
sensitive,  allows  us  to  record  all  the  sudden  changes  of  temperature 
of  the  medium.     The  indications  of  the  apparatus  employed  have 
been  compared  with  those  of  a  hydrogen-thermometer  between 
+100°  C.  and   —130**  C.     The  nature  of  the  function  connecting 
these  indications  admits  of  an  extrapolation  being  made.     Reserv- 
ing the  description  of  my  method  for  a  future  communication,  I 
give  here  one  hundred  and  elghty-aix  degrees  below  zero  (—186* 
C.)  as  the  first  approximation  to  the  temperature   which  is  pro- 
duced on  the  liberation  from  pressure  of  liquefied  oxygen. 

I  have  submitted  nitrogen  successfully  to  the  action  of  this  cold. 
This  gas  compressed,  cooled  in  boiling  oxygen,  and  then  slightly 
released  from  pressure,  solidifies  and  falls  like  snow  in  crystals  of 
remarkable  size. —  Comptes  EenduSy  Dec.  31,  1883. — Phil.  Mag.^ 
Feb.,  1884. 

1.  Diary  of  a  Magnetic  Stimey  of  a  portion  of  the  Dotninion 
of  Canada  chiefly  in  the  Northwestern  Territories ;  executed  in 
the  years  1842-44,  by  Likut.  Lefrot,  R.A.,  now  Genebal  Sib 
J.  H.  Lkfroy,  C.H.,  etc.,  with  maps,  192  pp.  8vo.  London,  1888. 
(Longmans,  Green  &  Co.). — The  magnetic  observations  made  bv 
Lieutenant  Lefroy  in  the  years  1842-44  have  been,  since  their 
publication  in  Sabine's  Contributions  to  Terrestrial  .Magnetism 
(Phil.  Trans.  1846),  the  principal  authority  for  the  accepted 
positions  of  the  isogonic,  isoclinic  and  isodynamic  lines  over  most 
of  British  America  as  well  as  for  the  position  of  the  north  mag- 
netic pole.  Their  author  has  now  performed  an  important  service 
to  this  branch  of  j)hy8ical  science  in  presenting  these  observations 
in  convenient  form,  and  with  all  the  fulness  of  personal  explanation 
which  future  observers  in  the  same  region  could  ask  for.  The 
body  of  the  volume  consists  of  a  diary  of  the  series  of  observations 
made  in  the  Northwest  at  814  stations,  extending  west  to  the 
Peace  River  and  north  to  Fort  Good  Hope  on  the  Mackenzie. 
In  addition,  tlie  preliminary  observations  made  in  Canada  and  the 
United  States  are  also  given.  The  discussion  of  the  instruments 
employed,  of  the  variation  in  the  magnetic  elements  observed 
and  of  other  points,  adds  interest  and  value  to  the  volume.  Four 
large  maps  give  the  })ositions  of  the  magnetic  lines  for  the  same 
epoch  over  tlie  region  covered  by  Lieutenant  Lefroy,  in  preparing 
which  observations  by  C'aptain  K.  W.  Haig,  Captain  T.  E.  L 
Moore  and  some  others  have  been  included. 

8.  Notes  on  Electricity  and  Magnetism^  designed  as  a  com- 
anion  to  Silvanus  P.  Tliompson's  Elementary  Lessons  by  .1.  B. 
luKDOcK.    139  pp.  16mo.   New  York,  1884.   (Macmillan  ifc  Co.).— 
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Lieutenant  Mardock  gives  in  this  little  volume  a  series  of  class- 
room notes,  supplementary  to  the  excellent  text  book  of  Profes- 
sor Thompson ;  they  will  be  of  material  assistance  to  the  many 
teachers  who  use  and  appreciate  the  value  of  the  latter  work. 

9.  The  Relative  Proportions  of  the  Steam  En  gin  e^  being  a 
rational  and  practical  discussion  of  the  dimensions  of  every  detail 
of  the  steam  engine ;  by  William  Dennis  Marks.  Second  edition, 
revised  and  enlarged.  215  pp.  Philadelphia,  1884  (J.  B.  Lippin- 
cott  &  Co.). — This  volume  by  Professor  Marks  is  an  admirable 
one,  useful  alike  to  the  student  and  to  the  practical  engineer. 
In  this  new  edition  three  additional  lectures  are  given  upon  the 
following  subjects:  the  limitation  of  the  steam  engine;  the 
cheapest  point  of  cut-off;  the  errors  of  the  Zeuner  valve-diagram. 

10.  Ueher  den  Polabatand,,  den  Inductions  und  Temperatur- 
coefficient  eines  Magnetes  tind  ilber  die  Bestiynmung  von  Trdg- 
heitsniomenten  durch  BiJUarsuspensioyi,  —  Messrs.  W.  Hallock 
and  F.  KonLKAuscn  have  recently  contributed  to  the  Society  at 
GOttingen  a  brief  account  of  some  experiments  undertaken  to 
determine  the  polar  distances  of  a  magnet,  the  coefficient  of  in- 
duction and  temperature,  and  the  moment  of  inertia  as  given  by 
the  method  of  bitilar  suspension.  The  complete  memoir  will  be 
published  later. 

II.  Geology  and  Natural  History. 

1.  PaleontologiccU  similarity  of  the  East- American  Acadian 
and  Potsdam  groups. — Mr.  R.  P.  WnixFiKLD,  in  a  paper  on  new 
Primordial  fossils,  contained  in  the  American  Museum,  of  New 
York,  published  in  Bulletin  No.  5  of  the  Museum,  expresses  the 
opinion  that  the  Potsdam  sandstone  is  not  yet  proved  to  be  of  a 
different  geological  horizon  from  that  of  the  other  Atlantic  Pri- 
mordial areas,  or  of  those  of  the  Mississippi  valley.  The  New 
Brunswick  and  Massachusetts  localities  afford  the  Paradoxides 
type  of  trilobite ;  but,  he  remarks,  this  is  not  necessarily  a  conse- 
quence of  difference  in  time.  Looking  to  the  other  fossils,  the 
facies  of  the  New  Brunswick  fauna  is  no  older  than  that  of  the 
lower  beds  in  Wisconsin,  for  the  same  type  of  (Jonocephalites 
occurs*  in  each  ;  and  the  Brachiopods,  Orthis  Billingsi  and  Dis- 
cina  Acadica  (if  a  Brachiopod),  are  of  newer  type  than  any  in 
the  Wisconsin  fauna.  As  to  the  Discina^  lie  states  that,  accord- 
ing to  a  specimen  received  by  him  from  Mr.  Matthews,  it  is  cer- 
tainly not  a  Discina,  and  probably  the  fossil  is  tlie  imprint  of  a 
univalve  shell,  either  of  the  genus  PalaMtc/nen  or  Stenofhera;  and 
Palseacmea  is  known  from  Wisconsin,  and  botli  of  these  genera 
from  New  York.  Moreover,  his  Orthisina  orienttdis^  described 
in  the  paper,  from  Georgia,  Vermont,  he  says  closely  resembles 
and  may  be  identical  with  the  Wisconsin  and  Lake  Pepin  Orthi- 
sina Pepina  of  Hall. 

2.  Soil-cap  m,ovements. — In  a  paper  read  before  the  Royal 
Dublin  Society  in  November,  1882,  Professor  V.  Ball  draws  atten- 
tion to  the  effects  of  land-slips  or  soil-cap  movements  in  throwing 
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dams  across  valleys  and  making  lakes,  and  refers  to  a  case  at 
Naina  Tal  in  the  Himalayas  where  a  land-slip  appears  to  have  pro- 
duced this  result.     He  points  out,  also,  that  they  make  bowlder 
deposits  resembling  those  of  glacier  origin,  and  sometimes  cause 
a  shallowing  of  channels  and  sea-borders  which  might  be  taken 
as  evidence  of  an  elevation  of  the  land.     He  cites  from   a  paper 
by  Dr.  Goppinger  in  the  Quarterly  Journal  of  the  Geological 
Society  of  London  (xxxvii,  245,  1881),  about  soil-cap  slides  over 
sloping  surfaces   of  rock   in  western   Patagonia,  which  carried 
along,  besides  trees  and  other  plants  of  the  surface,  "  a  moram 
profonde''*  of  rocks,  stones  and  trunks  of  trees,  filling  valleys  aud 
lakes,  that,  after  a  removal  by  water  of  the  finer  part,  became  a 
deposit  of  bowlders  piled  on  one  another,  in  true  glacier-made  style. 

3.  Handbuch  der  Botajiik^  von  Professor  Dr.  N.  J.  C.  Mullkk, 
MUnden.     2  Bande  (648,  482  pp.),  8vo.     Heidelberg,  1880. 

PflanT^uphysiologie,  Ein  Handbuch  des  StoffwerJiseh  und 
Kraftwechseh  in  der  Pflanze^  von  Dr.  W.  Pfeffeb,  Professor  ao 
der  Universitiit  Tubingen.  2  Bande  (383  u.  474  pp.),  8vo. 
Leipzig,  Engelmann,  1881. 

vbrleswigen  ilber  lyianzenphysiohgie,  von  Jitlius  Sachs. 
(Professor  an  der  Universitiit  Wtlrzburg),  (991  pp.),  8vo.  Leip- 
zig, Engelmann,  1882. 

TVaite  de  Botanique^  par  Ph.  Van  Tibghem,  Professeur  ao 
Mus6um  d'Histoire  Naturelle  (1656  pp.)  8vo.  Paris,  Librairie 
F.  Savy.     1884. 

Handbuch  der  Botanik^  herausgegeben  von  Professor  Db.  A. 
ScHKNK,  unter  mitwirkung,  von  Cohn,  Detmer,  Drude,  Frank, 
Kienitz-Gerloff,  Kraus,  Mailer  (zu  Lippstadt),  Sadebeck,  u.  a. 
8vo.  Breslau,  Trewendt.  [Now  publishing  in  parts  which  appear 
somewhat  irregularly,  as  the  first  portion  of  an  Encyclopedia  of 
Natural  History.] 

These  are  the  principal  comprehensive  works  upon  their  respec- 
tive subjects  which  have  appeared  within  the  last  few  years.  A 
treatise  upon  Pharmaceutical  and  Medical  Botany  by  Luerssen 
rivals  these  in  size  and  in  carefulness  of  management  throughout, 
but  cannot  be  described  in  detail  in  the  present  notice.  Neither 
is  it  convenient  to  examine  at  present  the  newer  text-booke  of 
smaller  size,  by  Reinke,  Wiesner  and  Baillon.  They  are  merely 
mentioned  in  passing,  to  indicate  that  there  is  considerable  activ- 
ity on  the  continent,  in  the  preparation  of  manuals  for  students 
of  botany.  MuUer's  Handbook  is  a  remarkably  difiicult  work 
both  for  the  tjeneral  and  special  reader.  It  has  altogether  too 
much  mathematical  physics  in  it  for  the  former,  and  too  little  for 
the  latter;  that  is,  it  stops  just  short  of  being  what  it  could  have 
been  made  under  a  different  treatment.  By  a  slight  rearrange- 
ment of  the  copious  material  and  with  a  few  necessary  additions, 
it  would  be  a  useful  work  of  reference ;  by  a  complete  removal 
of  the  unnecessary  mathematics  and  some  of  the  puzzling  dia- 
grams which  are  nowhere  explained,  it  would  be  a  stimulating 
handbook  for  a  certain  class  of  botanical  students.     But,  as  it 
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stands,  it  is  the  least  useful  text-book  apon  its  subject :  Grass- 
mann's  Pflanzenleben  rivals  it  in  obscurity,  but  does  uot  approach 
it  in  the  wealth  of  disarranged  material. 

Pfeflfer^s  Vegetable  Physiology  is  a  masterly  treatise.  It  pre- 
sents in  systematic  form,  and  with  references  throughout,  a 
synoptical  expose  of  nearly  all  that  is  known  in  regard  to  the 
functions  of  the  organs  of  vegetation.  The  arrangement  is  con- 
venient both  for  study  and  reference.  The  general  statements 
are  cast  in  the  mould  of  a  physicist  and  chemist  rather  than  in 
that  of  a  morphologist,  and  bear,  for  the  most  part,  evidence  of 
critical  examination  of  the  phenomena.  For  instance,  when  deal- 
ing with  the  subject  of  osmosis,  the  author  views  the  whole  mat- 
ter in  the  light  of  his  personal  experiments,  and  yet  does  not 
throw  any  part  of  the  theme  out  of  proportion.  Likewise  in  the 
management  of  assimilation  and  of  movements,  he  is  guided  by 
his  own  observations,  and  therefore  is  all  the  more  free  to  criticise 
the  writings  of  others.  It  should  be  said,  however,  that  his  criti- 
cisms are  fair  and  are  generally  expressed  in  a  kindly  manner. 
The  first  volume  deals  with  the  reception  of  inorganic  matter  by 
plants  and  their  conversion  of  this  into  organic  substance.  The 
great  topics  of  absorption  and  assimilation  are  treated  with 
much  detail,  while  the  minor  ones  of  transmission  and  transpira- 
tion of  water  receive  almost  as  much  attention.  The  formation 
of  nitrogenous  compounds  within  the  plant,  a  subject  to  which 
Pfeffer  has  devoted  much  time,  is  treated  pretty  fully  but  is  not 
left  in  a  wholly  satisfactory  state,  nor  is  the  subject  of  respira- 
tion, especially  that  which  is  known  as  "  intra-molecular,"  so  ex- 
tensively presented  as  it  appears  to  deserve.  In  the  second  vol- 
ume, the  release  of  energy  is  discussed  under  growth,  movement, 
and  the  production  of  light,  heat  and  electricity.  Nearly  every 
page  exhibits  personal  familiarity  with  the  phenomena  described 
and  not  merely  with  the  literature.  The  propositions  are  every- 
where well  presented,  but  the  arguments  in  support  of  them  are 
not  always  as  clearly  put.  Part  of  the  fault  comes  no  doubt 
from  the  unwillingness  to  place  headings  at  the  proper  places 
in  the  statement  and  thus  due  proportions  are  not  always  pre- 
served. As  a  trustworthy  work  of  reference  in  the  laboratory, 
as  a  guide  which  will  seldom  lead  astray  and  never  far  from  the 
right,  the  treatise  is  a  thoroughly  satisfactory  contribution  to 
vegetable  physiology. 

Professor  Sachs  has  been  repeatedly  asked  by  his  publishers  to 
prepare  a  fifth  edition  of  his  text- book,  but  he  felt  so  much  un- 
willingness to  undertake  the  revision,  that  a  compromise  was  at 
last  effected  with  which  both  he  and  the  publishers  may  well  be 
satisfied.  The  systematic  portion  is  turned  over  to  a  most  prom- 
ising young  professor  who  has  recently  established  himself  at 
Rostock,  and  the  work  has  already  appeared  under  Goebel's 
name  and  with  Sachs's  sanction.  The  rest  of  the  text-book  has 
been  wholly  recast,  and  is  now  published  as  a  series  of  forty-six 
lectures.     It  may  be  said   at  the  outset,  that  the  lectures  are  in- 
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teresting  in  the  extreme.  They  are  characterized  by  felicity  of 
expression  and  by  the  exclusion  of  unnecessary  matters,  so  that 
from  first  to  last  the  reader's  interest  is  not  permitted  to  flag. 
Their  thoroughly  attractive  character  ensures  the  early  transla- 
tion into  other  languages. 

The  first  series  comprises  eleven  lectures  upon  the  histological 
and  morphological  characters  of  plants  in  general.     All   plant 
organs  are  placed  in  two  categories,  root  and  shoot.     The  former 
comprises  that  part  of  the  plant  whicli  on  or  in  a  substratum 
£(^rves  as  a  hold  fast,  and  in  the  latter  case  acts  as  an  organ  for 
conducting  into  the  plant  nutritive  matters  held  in  the  substra- 
tum.    The  shoot  (or  the  shoot-system)  is  that  part  which  unfold- 
ing  outside   of    tlie    substratum   produces   plant-substance   and 
serves  for  propagation,  bearing  organs  of  reproduction  which  are 
never  seen  on   roots.     That  both  fulfill  their  characteristic  func- 
tions depends  on   tlieir  diverse  reactions  with  tlie  natural  forces. 
To  be  sure,  there  are  roots  which  ?/?a?/  produce  shoots,  and  shoots 
do  give  rise  to  roots;  but  this  only  shows  that  in  the  progressive 
development  of  the  vegetable  world,  with  progressive  adaptation 
of  the  different  organs  to  special  conditions  of  life,  individual 
characters  disappear  and  new  ones  arise.     According  to  this  view 
no  distinction  is  made  between  the  rhizoids  of  a  thallophyte  and 
the  root  of  a  vascular  plant.      These  new  morphological  cate- 
gories cannot  prove  as  satisfactory  to  students  as  those  given 
m  his  text-book,  root,  stem,  leaf,  })lant-hair.     In  the  first  eleven 
lectures  the  whole  field  of  general  histology  and  morphology  is 
well  covere<l.     A  second  sories,  of  two  lectures  only,  treats  of  the 
most  general  conditions  of  plant  life,  such  as  temperature,  light, 
habitat,  etc.,  and  the  most  general   phenomena  presented  bj  a 
living  plant,   to   wit  :  osmotic  power,  turgescence,  tension  of  tis- 
sues, together  with  some  explanation  of  the  mechanics  of  a  plant 

In  the  third  series,  Nutrition  in  the  widest  sense  is  dealt  with 
in  twelve  lectures  wliich  range  from  absoqHion  of  liquids  and 
gases,  through  assimilation  and  elaboration,  to  the  final  release  of 
the  products  of  respiration.  In  this  series  insectivorous  plants 
are  spoken  of.  The  f(mrth  series  is  the  freshest  in  material  and 
treatment.  It  takes  up  very  fully  the  whole  subject  of  the  growth 
of  the  cell,  formation  of  new  cells  non-sexually,  and  the  increase 
in  size  ol  the  whole  plant.  The  newest  researches  are  referred 
to  and  illustrated  bv  Ljood  diajjri'am^  from  nianv  sources,  some  of 
the  very  best  drawings  now  ai)pearing  for  the  first  time.  In  the 
fifth  series  the  movements  of  various  kinds  are  treated  of,  in 
much  the  same  manner  as  in  the  last  edition  of  the  text-book. 
The  concluding  series  of  six  lectures  takes  up  the  principal  kinds 
of  sexual  re|)ro<luction  in  a  very  general  manner.  Much  of  the 
niatter  in  these  lectures  is  speculative  of  course,  and  is  not  likely 
to  be  received  without  question.  But  all  statements  are  clearly 
made,  and  the  interdependence  of  the  topics  always  kept  in 
mind.  The  notes  of  reference  at  the  end  of  each  lecture  must  be 
meant  as  hints  to  Professor  Sachs's  own  students,  since  the?  refer 
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Y  largely  to  work  done  either  by  hira  or  in  thq  Wtlrzburg 
oratory.     The  notes  do  not  pretend  to  cover  the  literature  of 
subject. 

""o  many  American  students  of  Botany,  Professor  Van  Tieghera 
cnown  as  a  successiul  investigator  of  some  difficult  problems 
histology  and  physiology,  and  for  his  work  in  the  department 
cryptogamic  botany.  But  he  is  more  widely  known  in  this 
ntry  as  the  editor  of  a  French  translation  of  Sachs's  Text-book, 
vill  be  remembered  that  many  of  the  very  long  paragraphs  of 

original  were  broken  up  in  the  translation  into  shorter  ones 
h  appropriate  headings,  often  embodying  in  a  few  words  the 
t  of  what  followed.     In  the  volume  now  before  us  the  author 

adopted  the  same  plan.  If  it  were  not  for  this  convenient 
thod  of  reference  the  work  would  be  far  from  attractive ;  but 
h  it,  its  encyclopedic  character  is  more  or  less  masked.  More- 
r,  a  substantial  gain  has  been  made  for  the  general  reader  by 
pressing,  as  far  as  possible,  references  in  the  text  to  the 
rces  of  the  author's  mformation.  Hence  the  story  is,  so  to 
ak,  continuous.  At  the  beginning  of  the  great  divisions, 
ious  references  to  the  literature  are  given,  and  occasionally 
y  are  noted  in  the  text.  The  work  is  divided  into  a  general 
I  a  special  part.  The  first  book  of  the  former  is  devoted  to  a 
dy  of  the  external  form  of  the  adult  plant  and  of  the  phenom- 
,  which  are  exhibited  in  this  state.  Division  of  labor;  and 
dred  subjects  are  treated  in  a  general  manner,  and  then  fol- 
^8  a  particular  examination  of  root,  stem,  leaf  and  flower,  the 
ipter  given  to  each  of  these  organs  being  divided  into  two 
ts,  Morphology  and  Physiology.  It  is  obvious  that  this  ar- 
gement  leads  sometimes  to  repetition  which  may  be  tedious ; 

when  there  is  too  marked  an  effort  to  avoid  repetition,  some 
ts  mav  be  overlooked.  The  second  book  treats  of  internal 
rphology  and  the  physiology  of  the  cell  and  of  special  tissues ; 

third  traces  the  development  of  the  plant  from  its  youngest 
te  to  its  adult  form.  In  the  latter,  a  very  general  view  is  taken 
the  whole  vegetable  world,  and  cryptogams  receive  their  pro- 
tional  share  of  attention.  ITiis  book  closes  with  a  study  of 
se  fertilization,  cross-fertilization  and  hybridization,  and  with 
le  discussion  of  the  origin  of  species.  Of  the  latter,  the 
hor  says:  "  It  (the  theory  of  descent)  explains  in  a  simple  and 
isfying  manner  why  living  plants  are  so  well  armed  for  their 
iflict,  why  identical  members  are  adapted  to  the  most  diverse 
s,  why  there  are  rudimentary  organs,  how  plants  have  suc- 
ded  each  other  on  the  surface  of  the  globe  at  different  geo- 
ical  epochs,  etc.,  etc.,  all  of  which  problems  would  remain 
solved  without  it."  "But  if  we  wish  to  ])reserve  to  this  theory 
scientific  value  we  must  deduce  our  conclusions  with  prudence 
1  control  them  by  direct  observation  and  by  the  experimental 
thod." 

The  second  part  of  the  work  is  devoted  to  a  special  study  of 
;  orders  of  lower  and  of  higher  plants.     The  arrangement  is 
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novel  in  some  particulars,  although  not  now  calling  for  remark. 
The  work  closes  with  a  consideration  of  the  paleontological  and 
geographical  relations  of  plants.  Thus  it  will  be  seen  that  the 
treatise  is  a  general  work  of  wide  range.  It  is  characterized 
from  beginning  to  end  by  qualities  which  give  it  a  high  value  for 
teachers  of  botany  and  for  advanced  students,  namely  great  clear- 
ness of  statement,  and  an  emphasis  of  important  points.  It  is  to 
be  regretted  that  more  prominence  has  not  been  given  by  the 
author  to  some  of  the  recent  German  works  in  a  few  of  the  sub- 
jects treated,  especially  as  the  works  are  themselves  cited  by 
him.  But  it  must  be  said  that  these  cases  of  omission  are  com- 
paratively few  and  do  not  seriously  impair  the  value  of  the  excel- 
lent treatise. 

The  encyclopedic  handbook  now  in  course  of  publication  under 
the  editorship  of  Professor  Schenk,  promises  to  be  a  valuable 
collection  of  morphological,  histological  and  physiological  mono- 
graphs.    Of  course,  in  a  work  prepared  by  many  hands,  the  repe- 
titions are  numerous  and  there  is  much  waste  of  energy.     On  the 
other  hand,  we  are  given  several  views  of  the  same  subject  and 
this  may  lead  to  a  clearer  conception  of  matters  in  doubt.    The 
most    noteworthy  papers    thus   far  at  hand    are  the  following: 
Mutual  relations  of  flowers  and  insects  (with  regard  to  crossing) 
by  H.  Mttller,  Vascular  cryptogams  by  Sadebeck,  Diseases  of 
Plants  by  Frank,  Morphology  of  Phanerogams  by  Drude,  Physi- 
ology by  Detmer,  Algae  by  Falkenberg,  Physiological  adapta- 
tions of  tissues  by  Haberlandt,  and  Comparative  development  of 
the  Organs  of  Plants  by  Goebel.     There  does  not  appear  to  be 
any  "  editing  "  in  the  true  sense  of  the  word,  if  indeed  any  such 
thing   were  possible  with   so  diverse  contributions.      The  accu- 
mulation  of   material    ready  for   coordination   is  however  very 
great  and  the  work  will  be  an  abundant  source  to  which  teachers 
will  go  for  illustration.     Special  monographs  may  be  noticed  in  a 
future  number.  g.  l.  g. 

4.  Tendency  in  Variation,  —  In  the  review  in  this  Journal 
of  Darwin's  Origin  of  Species,  which  appeared  very  shortly 
after  the  publication  of  that  "epoch-making"  work,  the  writer 
intimated  that  there  was  reason  to  believe  "  that  variation  has 
been  led  along  certain  beneficial  lines,  like  a  stream  '  along 
definite  and  useful  lines  of  irrigation.' "  Mr.  Darwnn  devoted 
the  closing  page  of  his  next  work  to  this  suggestion,  and 
argued  that,  under  his  view  of  the  case,  plan  should  be  super- 
fluous. It  may  be  doubted  if  he  ever  convinced  himself  that 
it  was  so,  although  he  has  convinced  a  host  of  his  followers, 
who,  as  often  happens,  wure  more  facile  believers  than  their 
master.  A  good  many  years  have  passed  ;  and  now,  wherever 
we  turn  from  the  speculators  to  the  investigators  who  have  been 
working  ui)on  the  problem  of  descent  with  variation,  we  meet 
with  this  idea  of  definite  tendency.  The  suggestion,  and  the 
need  of  it,  are  well  brought  out  by  that  veteran  investigator 
of  the  Foraminifera,  Dr.  Carpenter,  in  his  recent  paper  in  the 
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lilosophical  Transactions  (part  ii,  1883),  On  an  Ahysaal  Type 
'  the  Genus  Orbitolites ;  a  Study  in  the  Theory  of  Descent^ — 
e  closing  portion  of  which  is  here  reproduced. 
''  I  propose,  in  the  last  place,  briefly  to  examine  the  bearing  of 
e  remarKable  case  of  '  descent  with  modification,'  which  I  have 
us  detailed,  upon  the  general  '  Theory  of  Descent '  and  of  the 
>riffin  of  Species.' 

"Those  who  find  in  'natural  selection'  or  the  'survival  of  the 
.test'  an  all-sufiicient  explanation  of  the  'origin  of  species,' 
em  to  have  entirely  forgotten  that  before  *  natural  selection ' 
m  operate,  there  must  be  a  range  of  varietal  forms  to  select 
om ;  and  that  the  fundamental  question  is  (as  Mr.  Darwin  him- 
If  clearly  saw,  at  any  rate  in  his  later  years),  xohcU  gives  rise  to 
iricUions?  No  exercise  of  'natural  selection'  could  produce 
le  successive  changes  presented  in  the  evolutionary  history  of 
le  typical  Orbitolites^  from  Cornospira  to  SpiroloctUina,  from 
oirolocidina  to  Peneroplis^  from  Peneroplis  to  Orbiculina^  from 
i^ieulina  to  the  'simple'  forms  of  Orbitolites^  and  from  the 
imple '  to  the  *  complex '  forms  of  the  last-named  type.  And 
I  all  these  earlier  forms  still  flourish  under  conditions  which  (so 
J*  as  can  be  ascertained)  are  precisely  the  same,  there  is  no 
round  to  believe  that  any  one  of  them  is  better  fitted  to  survive 
lan  another.  They  all  imbibe  their  nourishment  in  the  same 
lode ;  and  no  one  type  has  more  power  of  going  in  search  of  it 
lan  another.  That  they  are  all  dependent  on  essentially  the 
ame  conditions  of  temperature  and  depth  of  water,  is  shown  by 
tieir  occurrence  in  the  same  marine  areas.  That  they  all  equally 
Brve  as  food  to  larger  marine  animals,  can  scarcely  be  doubted  ; 
nd  it  is  hardly  conceivable  that  any  of  their  devourers  would 
iscriminate  (for  example)  between  the  disks  of  a  large  O.  mar- 
inalis,  a  middle-sized  O.  duplex  and  a  small  O.  complanata^ 
rhich  even  the  trained  eye  of  the  naturalist  cannot  distinguish 
nthout  the  assistance  of  a  niagnifying-glass. 

"To  me,  therefore,  it  appears  that  the  doctrine  of  'natural 
election'  can  give  no  account  of  either  the  origin  or  the. perpetu- 
ation of  those  several  types  of  Foraminiferal  structure  which  form 
he  ascending  series  that  culminates  in  Orbitolites  complanata. 
)d  the  other  hand,  there  seems  traceable  throughout  that  series  a 
)lan  so  definite  and  obvious,  as  to  exclude  the  notion  of  '  casual' 
)r  *  aimless'  variation.  Between  the  simple  spirally-coiled  sar- 
lodic  cord  of  a  young  Comvspird^  and  the  discoidal  body  of  an 
Orbitolite,  with  its  thousands  of  sub-segments  disposed  with  the 
aost  perfect  symmetry,  and  connected  together  in  most  regular 
ind  uniform  modes,  who  (in  the  absence  of  the  intervening  links) 
<roald  have  suspected  any  genetic  relation — who  would  have  ven- 
ured  to  construct  a  pedigree  ?  And  yet  we  find  the  gradations 
rom  the  one  to  the  other  to  bo  not  only  most  complete,  but  often 
ignificant  of  further  progress ;  many  of  the  changes  being  such 
a  seem  to  have  no  meaning  except  as  anticipations  of  greater 
hariges  to  come.     Thus,  the  slight  constrictions  that  show  them- 
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selves  in  the  first  spiral  coil  of  O.  tenuissima  are  what  constitute 
the  essential  difference  between  the  spire  of  Comuajnra  and  that 
of  tSpiroloculina  \  marking  an  imperfect  septal  division  of  the 
spire  into  chambers,  which  cannot  be  conceived  to  affect  in  any 
way  the  physiological  condition  of  thei  contained  animal,  but 
which  foreshadows  the  complete  septal  division  that  marks  the 
assumption  of  the  Peneropliue  stage.  Again,  the  incipient  widen- 
ing-out  of  the  body,  previously  to  the  formation  of  the  first 
complete  septum,  prepares  the  way  for  that  great  lateral  exten- 
sion which  characterizes  the  next  or  Orbiculine  stage  ;  this  exten- 
sion being  obviously  related,  on  the  one  hand,  to  the  division  of 
the  chamber-segments  of  the  body  into  chamberletted  sul>-8eg- 
ments,  and,  on  the  other,  to  the  extension  of  the  zonal  chambers 
round  the  *  nucleus,'  so  as  to  complete  them  into  annuli,  from 
which  all  subsequent  increase  shall  take  place  on  the  cyclical  plan. 

"  In  O,  marginalis^  the  first  spiral  stage  is  abbreviated  by  the 
drawing-together  (as  it  were)  of  the  '  spiroloculine '  coil  into  a 
single  Milioline  turn  of  greater  thickness ;  but  the  Orbiculine  or 
second  spiral  stage  is  fully  retained.    In  O,  dupledr^  the  abbreviated 
Milioline  center  is  still  retained,  but  the  succeeding  OrbicoliDe 
spiral  is  almost  entirely  dropped  out,  quickly  giving  place  to  tbe 
cyclical  plan.     And  in  the  typical  0.  complanata  the  Miliolioe 
center  is   immediately  surrounded    by   a   complete   annulus,  so 
that  nothing   remains   of  the  original  spire  save   the  one  turn 
of  the  circumambient  segment.      So,  in    the   passage  from  tbe 
'simple'  to  the  'complex'  type,  we  have  a  remarkable  antici* 
patory  step  in  O.  duplex,  which  can  scarcely  be  supposed  itself 
to  <lerive  any  advantage  from  the  substitution  of  a  double  for 
a  single  row  of  communications  between   the  annuli,  since  0. 
mavfjuiaUs  flourishes  equally  well  with  its  single  row  ;  but  which 
forms,  so  to  speak,  a  stepping-stone  to  a  higher  grade. 

"Everytiiing  in  this  history,  then,  shows  a  tneH-marked progres- 
sive tetidenci/  alo)ifj  a  deflnite  line  towards  a  highly  specialized 
type  of  Htr  net  lire  in  the  (.  ■akutreo  us  fabric  /  and  this  without  any 
corresponding  departure  from  the  original  homogeneity  of  the 
animal  body  which  forms  that  fabric.  And  as  being,  so  far  as  I 
know,  altogether  unique  in  these  peculiarities,  I  venture  to  offer 
this  study  of  a  humble  protoplasmic  organism,  brought  up  from 
an  ocean-depth  of  nearly  two  miles,  to  the  consideration  of  those 
who  believe,  with  Sir  James  Paget,  that  the  highest  laws  of  our 

(biological]  science  are  expressed   in  the  simplest  terms  iu  the 
ives  of  the  lowest  orders  of  Creation." 
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'.  XXXVII I.  —  Prmcipal  Cha/rdciera  of  American 
furassic  Dinosaurs  :  by  ^rrofessor  O.  C.  Marsh.  Part 
nH     The  Order  Therqpoda.    (With  Plates  VIII-XIV.) 

SE  carnivorous  Dinosauria  form  a  well  marked  order, 
*h  the  writer  has  called  the  Theropoda^  in  his  classification 
tiis  group.*  Although  much  has  been  written  about  these 
iles  since  Buckland  described  Megalosaurus  in  1824,  but 
\  has  really  been  made  out  in  regard  to  the  structure  of  the 
I,  and  many  portions  of  the  skeleton  still  remain  to  be 
nnined. 

le  fortunate  discovery  of  two  nearly  perfect  skeletons  of 
order,  as  well  as  a  number  of  others  with  various  impor- 
parts  of  the  skeleton  in  good  preservation,  has  afforded 
pn^iter  an  opportunity  to  mvestigate  the  group,  and  some 
le  results  are  here  presented.  A  more  detailed  description 
hese  fossils,  and  others  allied  to  them,  will  be  given  in 
her  communication. 

f  the  carnivorous  Dinosaurs  from  the  American  Jurassic, 
3  are  four  genera,  which  each  represents,  apparently,  a 
net  family.  These  genera  are  AUosaurun^  Vcdurus^ 
^osaurus^  and  the  new  genus  Ceratosaurus^  here  described, 
he  present  article,  Auosaurus  and  Ceratosaurua  will  be 
ily  used  to  illustrate  the  more  important  characters  of  the 
r,  and  the  relations  of  the  other  genera  to  them  will  be 
^ted  in  the  classification  presented  in  conclusion. 

liifl  Journal,  vol.  xxiii,  p.  81,  January,  1882.     See  also  vol.  xxi,  p.  423,  May, 
p.  339,  April,  1881  ;  and  vol.  xvii,  p.  89,  January,  1879. 
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The  specimen  of  Ceratosanrus  here  first  described  presents 
several  characters  not  hitherto  seen  in  the  Dinosauria.  One 
of  these  is  a  large  horn  on  the  skull ;  another  is  a  new  type  of 
vertebra,  aj9  strange  as  it  is  unexpected  ;  and  a  third  is  seen  in 
the  pelvis,  which  has  the  bones  all  coossified,  as  in  existing 
Birds.  Archasopteryx  alone  among  adult  birds  has  the  pelvic 
bones  separate,  and  this  specimen  of  Ceratosaurus  is  the  first 
Dinosaur  found  with  all  the  pelvic  bones  anchylosed.  Another 
feature  of  this  skeleton,  not  before  seen  in  the  Theropoda^  is 
the  presence  of  osseous  dermal  plates.  These  extend  from  the 
base  of  the  skull  along  the  neck,  over  the  vertebrae.  The  plates 
appear  to  be  ossified  cartilage. 

This  interesting  fossil  is  quite  distinct  from  any  hitherto 
described,  and,  as  it  represents  a  new  genus  and  species,  may 
be  called  Ceratoaaurus  naslconiu.  It  also  Ijelongs  to  a  new 
family,  which  may  be  named  the  CeratoaauTidw. 

The  skeleton,  which  is  almost  perfect,  is  over  seventeen  feet 
in  length  by  actual  measurement.  The  animal  when  alive 
was  about  half  the  bulk  of  .the  species  named  by  the  writer 
AlloBcmruH  fragllia^  which  is  from  the  same  geological  horizon. 
A  second  skeleton,  some  paits  of  which,  also,  are  here  described, 
is  referred  to  the  latter  species. 

The  Skull. 

The  skull  of  Ceratottaurus  iia^iconils  is  very  large,  in  pro- 
portion to  the  rest  of  the  skeleton.  The  posterior  region  is 
elevated,  and  moderately  expanded  tninsvei-sely.  The  facial 
portion  is  elongate,  and  taj)crs  gnulually  to  the  muzzle.  Seen 
from  above,  the  skull  resembles  in  general  outline  that  of  a 
crocodile.  The  nasal  openings  are  se])arate,  and  lateral,  and  are 
placed  near  the  end  of  the  snout,  a^s  shown  in  Plate  VIII. 

Seen  from  the  side,  this  skull  appears   Lacertilian  in  type, 
the  general  structure  being  light  and  oi)en.     From  this  point 
of  view,  one  special  feature  of  the  skull  is  the  large,  elevated, 
trenchant  liorn-core,  situated  on  the  nasals  (Plate   VIII,  fig. 
1,  h).     Another  feature  is  the  large  openings  on  the  side  of  the 
skull,  four  in  number.     The  first  of  these  is  the  anterior  nasal 
orifice  {a) ;    the  second,   the  very  large  triangular  antorbital 
foramen    (c) ;    the  third,    the   large  oval    orbit  {J)\    and  the 
fourth,  the  still   larger  lower  temporal  opening  (e).     A  fifth 
apeiture,  shown  in  the  top  view  of  tlie  skull  (Plate  VIII,  fig- 
ure 3,  A),  is  the  supra-tem])oral  fossa.     These  openings  are  Jl 
cliaracteristic  of  the   Thenpoda^  and   are   found   also  in  the 
Sauropoda^  but  the  antorbital   foramen  is  not  known  in  anj 
of  the  other  JJinosavria. 
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The  plane  of  the  occiput,  as  bounded  laterally  by  the  Quad- 
rates, is  inclined  forward.  The  quadrates  are  strongly  inclined 
backward,  thus  forming  a  marked  contrast  to  the  correspond- 
ing bones  in  DiplodocuH^  and  the  other  Sauropoda.  The 
occipital  condyle  is  hemispherical  in  general  form,  and  is  some- 
what inclined  backward,  making  a  slight  angle  with  the  long 
axis  of  the  skull.  The  basi-occipital  processes  are  short,  and 
stout.  The  par-occipital  processes  are  elongate  and  flattened, 
and  but  little  expanded  at  their  extremities.  They  extend 
outward  and  downward,  to  join  the  head  of  the  quadrate. 

The  hyoid  bones  appear  to  be  four  in  number.  They  are 
elongate,  rod-like  bones,  somewhat  curved,  and  in  the  present 
specimen  were  found  near  their  original  position. 

The  parietal  bones  are  of  moderate  size,  and  there  is  no 
parietal  foramen.  The  median  suture  between  the  parietals  is 
obliterated,  but  that  between  these  bones  and  the  frontals  is 
distinct. 

The  frontal  bones  are  of  moderate  length,  and  are  closely 
anited  on  the  median  line,  the  suture  being  obliterated.  Their 
union  with  the  nasals  is  apparent  on  close  inspection. 

The  nasal  bones  are  more  elongate  than  the  frontals,  and  the 
suture  uniting  the  two  moieties  is  obsolete.  These  bones  sup- 
port entirely  the  large  compressed,  elevated  honi-core,  on  the 
median  line.  The  lateral  surface  of  this  elevation  is  very 
rugose,  and  furrowed  with  vascular  grooves.  It  evidently  sup- 
ported a  high,  trenchant  horn,  which  must  have  formed  a  most 
powerful  weapon  for  offense  and  defense.  No  similar  weapon 
18  known  in  any  of  tlie  Dhwsanrra^  but  it  is  not  yet  certain 
whether  this  feature  pertained  to  all  the  members  of  this 
family,  or  was  only  a  generic  character.* 

The  premaxillaries  are  separate,  and  each  contained  only 
three  functional  teeth.  In  the  genera  Coinpaognathus  and 
Megalosaurus^  of  this  order,  each  premaxillary  contained  four 
teem,  the  same  number  found  in  the  Saurojwda,  In  the 
genus  CreosauruSy  from  the  American  Jurassic,  the  premaxil- 
kriee  each  contain  five  teeth,  as  showai  in  Plate  IX,  figure  3. 

The  maxillary  bones  in  the  present  specimen  are  large  and 
massive,  as  shown  in  Plate  VlII,  figure  1.  Tlioy  unite,  in 
front,  with  the  premaxillaries  by  an  open  suture ;  with  the 
iia8al8,  laterally,  by  a  close  union;  and,  with  the  jugal  l)e]iind, 
by  squamosal  suture.  The  maxillaries  are  provided  eacli  with 
fifteen    functional    teeth,    which    are    large,    powerful,    and 

*The  **hom"  of  Iguanodon  deBcribed  by  Mantell,  and  since  regarded  as  a 
carpal  Bpine,  proves  to  be  the  distal  phalange  uf  the  thumb. 
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trenchant,  indicating  clearly  the  ferocious  character  of  the 
animal  when  alive.  These  teeth  have  the  same  general  form 
as  those  of  Megalosaurvs^  and  the  dental  snecession  appears  to 
be  quite  the  same. 

Above  the  antorbital  foramen  on  either  side,  is  a  high  eleva- 
tion composed  of  the  prefrontal  bones.  These  protuberances 
would  be  of  •  service  in  protecting  the  orbit,  which  they 
partially  overhang. 

The  orbit  is  of  moderate  size,  oval  in  outline,  with  the  apex 
below.  It  is  bounded  in  front  by  the  lachrymal,  above  this 
by  the  pre-frontal,  and  at  the  summit  the  frontal  forms  for  a 
short  distance  the  orbital  border.  The  post-frontal  bounds  the 
orbit  behind,  but  below,  the  jugal  completes  the  outline. 

The  jugal  bone  is  j^-shaped,  the  upper  branch  joining  the 
post-frontal,  the  anterior  branch  uniting  with  the  lachrymal, 
above,  and  the  maxillary  b6low.  The  posterior  branch  passes 
beneath  the  quadrato-jugal,  and  with  that  bone  completes  the 
lower  temporal  arch,  which  is  present  in  all  known  Dinosanra. 

The  quadrato-jugal  is  an  L-shaped  bone,  and  its  anterior 
branch  is  united  with  the  jugal  by  a  close  suture.  The  vertical 
branch  is  closely  joined  to  the  outer  face  of  the  quadrate. 

The  quadrate  is  very  long,  and  compressed  antero-pos. 
teriorly.  The  head  is  oi  moderate  size,  and  is  enclosed  in  the 
squamosal.  The  lower  extremity  of  the  quadrate  has  a  donble 
articular  face,  as  in  some  birds.     One  peculiar  feature  of  the 

?[uadrate  is  a  strong  hook,  on  the  upper  half  of  the  outer  gur- 
ace.     Into  this  hook  of  the  quadrate,  a  peculiar  process  of  the 
quadrato-jugal  is  inserted,  as  shown  in  Plate  VIIl,  figure  1. 

The  pterygoid  bones  are  very  large,  and  extend  well  for- 
ward. The  posterior  extremity  is  applied  closely  to  the  inner 
side  of  the  quadrate.  The  middle  part  forms  a  pocket,  into 
which  the  lower  extremity  of  the  basi-pterygoid  process  is 
inserted.  To  the  lower  margin  of  the  pterygoid  is  united  the 
strong,  curved,  transverse  Done,  which  projects  downward 
below  the  border  of  the  upper  jaws,  as  shown  in  Plate  VIII, 
figure  1,  t 

There  is  a  very  short,  thin  columella,  which  below  is  closely 
united  to  the  pterygoid  by  suture,  and  above  fits  into  a  small 
depression  of  tne  post-frontal. 

The  palatine  bones  are  well  developed  and,  after  joining 
the  pterygoids,  extend  forward  to  the  union  with  the  vomen. 
The  latter  are  apparently  of  moderate  size. 

The  pre-sphenoid  is  well  developed,  and  has  a  long  pointed 
anterior  extremity. 

The  whole  palate  is  remarkably  open,  and  the  principal  bones 
composing  it  stand  nearly  vertical,  as  in  the  Sauropoaa, 
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The  Bbain. 

The  brain  in  Ceratosaurus  was  of  medium  size,  but  com- 
paratively much  larger  than  in  the  herbivorous  Dinosaurs.  It 
was  quite  elongate,  and  situated  somewhat  obliquely  in  the 
cranium,  the  posterior  end  being  inclined  downward.  The 
position  of  the  brain  in  the  skull,  and  its  relative  size,  is 
shown  in  Plate  IX,  figure  1.  A  side  view  of  the  brain-cast  is 
shown  in  the  same  plate,  figure  2. 

The  foramen  magnum  is  small.  The  cerebellum  was  of 
moderate  size.      The  optic  lobes  were   well   developed,  and 

f)roportionally  larger  than  the   hemispheres.     The  olfactory 
obes  were  large,  and  expanded.     The  pituitary  body  appears 
to  have  been  very  large. 

The  Lower  Jaws. 

The  lower  jaws  of  Ceratosaurus  are  large  and  powerful, 
especially  in  the  posterior  part.  In  front,  the  rami  are  much 
compressed,  and  they  were  joined  together  by  cartilage  only, 
as  in  all  Dinosaurs.  There  is  a  large  foramen  in  tne  jaw, 
similar  to  that  in  the  crocodile,  as  shown  in  Plate  VIII,  figure 
1,  f.  The  dentarv  bone  extends  back  to  the  middle  of  this 
foramen.  The  splenial  is  large,  extending  from  the  foramen 
forward  to  the  symphysial  surface,  and  forming  in  this  region 
a  border  to  the  upper  margin  of  the  dentary.  There  were 
fifteen  teeth  in  each  ramus,  similar  in  form  to  those  of  the 
upper  jaws. 

A  pecidiar  dentary  bone,  recently  found,  and  here  referred 
to  LahrosauruSy  is  shown  on  Plate  IX,  figure  4.  It  is  edent- 
ulous in  front,  and  the  posterior  portion  is  much  decurved. 
The  teeth  are  more  triangular  than  in  the  other  genera  of 
this  order.  The  species  it  represents  may  be  called  Ixwrosaurus 
ferox. 

The  Vertebra. 

The  cervical  vertebne  of  Ceratosaurus  differ  in  type  from 
those  in  any  other  known  Reptiles.  With  the  exception  of 
the  atlas,  which  is  figured  in  Plate  X,  all  are  strongly  opis- 
thocoelian,  the  cup  on  the  posterior  end  of  each  centrum  being 
unusually  deep.  In  place  of  an  equally  developed  ball  on  the 
anterior  end,  there  is  a  perfectly  flat  surface.  The  size  of 
the  latter  is  such  that  it  can  only  be  inserted  a  short  distance 
in  the  adjoining  cup,  and  this  distance  is  accurately  marked 
on  the  centrum  by  a  narrow  articular  border,  just  back  of  the 
flat  anterior  face.  This  peculiar  articulation  leaves  more 
than  three-fourths  of  the  cup  unoccupied  by  the  succeeding 
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vertebra,  forming,  apparently,  a  weak  joint.     This  feature  is 
shown  in  Plate  A,  fagiires  2,  8,  and  4. 

The  discovery  of  this  new  form  of  vertebra  shows  that  the 
tenns  opisthoccelian  and  procoelian,  in  general  use  to  deseril>e 
the  centra  of  vertcbni?,  are  inadccjuate,  since  they  relate  to 
one  end  only,  the  other  l)eing  sui)posed  to  correspond  in  fonn. 
The  terms  convexo-concave,  ccmcavo-convex,  plano-concave, 
etc.,  would  be  more  accurate,  and  equally  euphonious. 

In  Cenitosaiirutf^  as  in  all  the  Theropoda^  except  Ccdurm^ 
the  cervical  ribs  are  articulated  to  the  centra,  not  cooesified 
with  them,  as  in  the  SanropOila.  The  latter  order  stands  almost 
alone  among  Dinosaurs  in  this  res]>ect,  Jis  l>oth  the  St^yosaurla 
and  the  Ormthopoda  have  free  ribs  in  the  cervical  region. 

The  dorsal  and  lumbar  vei'tel)ne  are  l>i-concave,  with  only 
moderate  concavities.  The  sides  and  lower  surface  of  the  cen- 
tra are  deeply  excavated,  except  at  the  ends,  as  shown  in  Plate 
X,  figure  5.  These  vertebne  show  the  diplosphenal  articula- 
tion seen  in  Megalosaurus^  and  also  in  Creo8au)'\iSy  as  shown 
in  Plate  XIV,  figure  3. 

All  the  pre-sacml  vertebr.e  are  very  hollow,  and  this  is  also 
true  of  the  anterior  caudals. 

There  are  five  well  cocKssified  vertebn^  in  the  sacrum  in 
the  present  specimen  of  Ceratof*auniii  mwicornis.  The  trans- 
verse processes  are  very  short,  each  supported  by  two  vertebne, 
and  they  do  not  meet  at  their  distal  ends. 

In  the  type  specimen  of  Crt'osaiiru^i^  there  are  only  two 
sacTal  vertebne  c()(*>ssified.  In  Me^jidosaurus^  there  are  five, 
and  the  number  aj)pears  to  vary  in  different  genera  of  the 
Theropoda^  as  it  does  in  the  Saurojtoda, 

The  caudal  vertebne  are  bi-concave.  All  the  anterior  cau- 
dals, excej)t  the  fii^st,  8up])()rted  very  long  chevrons,  indicating 
a  high,  thin  tail,  well  adapted  to  swimming.  The  tail  was 
quite  long,  and  the  distal  caudals  were  very  short. 

The  Fore  Limbs. 

The  fore  limbs  in  AUot«n(rui<^  and  in  fact  in  all  known 
Tlierojtoda^  were  very  snuiU.  The  scajuila  and  coracoid  re- 
sembled those  of  jl/r(/(f/os(furii«.  The  humerus  wa<  short, 
and  somewhat  sigmoid  in  form.  The  shaft  was  hollow,  as  in  all 
the  limb  Ixmes  of  this  genus.  The  manus  was  peculiar  in  hav- 
ing some  of  its  digits  armcul  witli  i)owerful  compressed  claws, 
which  formed  most  effective  weapons.  These  claws,  in  some 
allied  forms,  have  bi'en  referred  to  the  hind  feet,  but  the  lat- 
ter, in  all  the  known  Tluropodiu  have  their  claws  round,  and 
not  compressed.  The  fore  limb  oi  Allomuru%  fragilk'^ 
shown  on  Plate  XII. 
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The  Pelvic  Abch. 

Tlie  pelvic  bones  in  the  Theropoda  have  been  more  gener- 
ally misunderstood  than  any  other  portion  of  the  skeleton  in 
Dinosaurs.  The  ilia,  long  considered  coracoids,  have  been 
since  usually  reversed  in  position  ;  the  ischia  have  been 
reganled  as  pubes  ;  while  the  pubes  themselves  have  not  been 
considered  as  part  of  the  pelvic  arch. 

Fortunately,  in  the  present  specimen  of  Ceratomurus^  the 
ilium,  ischium,  and  pul)es  are  nrmly  coossified,  so  that  their 
identification  and  relative  positions  cannot  be  called  in  ques- 
tion. The  ilia,  moreover,  were  attaclied  to  the  sacrum,  which 
was  in  its  natural  place  in  the  skeleton,  and  the  latter  was 
found  nearly  in  the  position  in  which  the  animal  died.  The 
pelves  of  beratosauruH  and  of  AlJoaaurus  are  shown  in 
Plate  XL 

The  ilium  in  Ceratomurus  has  the  same  general  form 
as  in  Megaloaaurus.  In  most  of  the  other  Tlieropoda^  also, 
this  bone  has  essentially  the  same  shape,  and  this  type  may 
l)e  regarded  as  characteristic  of  the  order.  In  Oreosaxirus^ 
the  anterior  wing  is  more  elevated,  and  the  emargination 
below  it  wider,  as  shown  in  Plate  XIV,  figure  1,  but  this  may 
in  part  be  due  to  the  imperfection  of  the  border. 

The  ischia  in  CeratosauriiH  are  comparatively  slender.  They 
project  well  backward,  and  for  the  last  lialf  of  their  length 
the  two  are  in  close  apposition.  The  distal  ends  are  cor)Ssified, 
and  expanded,  as  shown  in  Plate  XI. 

The  pubes  in  .Cenitosfntri/s  have  their  distal  ends  e(M"»ssified, 
as  in  all  the  known  T/terojjoda.  They  })rojeet  downward  and 
forward,  and  their  ]X)sition  in  the  pelvis  is  sjiown  in  Plate  XI. 
Seen  from  the  front,  tliey  form  a  Y-shaped  figure,  which  varies 
in  form  in  different  genera.  The  upper  end  joins  the  ilium 
l)v  a  large  surface,  and  the  ischium  hy  a  smaller  attaclinient. 
l^he  united  distal  ends  ai*e  expanded  into  an  eloiigate,  massive 
foot,  as  shown  in  Plate  XI,  which  it*  one  of  tlie  nu^st  peculiar 
and  characteristic  parts  of  the  skeleton. 

The  pubes  of  MfytdomifntH  have  not  yet  been  identified, 
but  there  can  be  little  doii[)t  that  tliev  are  of  the  same  <reneral 
tv{)e  as  in  CeraUmiurus  and  Allot<anrtfs^  shown  in  Plate  XI. 
"I'he  pubes  of  Cadurus  are  represented  on  the  same  plate. 
They  pertain  to  a  new  species,  wliicli  may  be  calle<l  G^/^//•//,y 
^ig'tllat.  This  animal  was  at  least  three  tinu*s  the  bulk  of  the 
tyjK»,  the  vertebroB  of  which  are  re]>rus('nte(l  on  Plate  Xlll. 
Owen  has  figured  the  pubes  of  another  sjKcies  of  this  gcnns, 
under  the  name  I\>!kdajj/fffroHj^ffs/y/f/s\  but  he  reganled  the 
specimen  as  an  ^'abdominal  luenia|)oj)hy.>is  and  hienial  spine.' 
U^aheontographic^l  Society,  vol.  xxx,  Plate  1,  l.s7<l.) 
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The  extremely  narrow  pelvis  is  one  of  the  most  marked 
features  in  this  entire  group,  being  in  striking  contrast  to  the 
width  in  this  region  m  the  herbivorous  forms  found  with 
them.  If  the  TKeropoda  were  viviparous,  which  some  known 
facts  seem  to  indicate,  one  difficulty,  naturally  suggested  in  the 
case  of  a  reptile,  is  removed. 

Another  interesting  point  is,  the  use  of  the  large  foot  at  the 
lower  end  of  the  pubes,  which  is  the  most  massive  part  of  the 
skeleton.  The  only  probable  use  is,  that  it  served  to  support 
the  body  in  sitting  down.  That  some  Triassic  Dinosaurs  sat 
down  on  their  iscliia  is  proved  conclusively  by  the  impressions 
in  the  Connecticut  River  sandstone.  In  such  cases  the  leg 
was  bent  so  as  to  bring  the  heel  to  the  ground.  The  same 
action  in  the  present  group  would  bring  the  foot  of  tlie  pubes 
to  the  grouna,  nearly  or  quite  under  the  center  of  gravity  of 
the  animal.  The  legs  and  ischia  would  then  natur^ly  aid  in 
keeping  the  body  balanced.  Possibly  this  position  was  assumed 
habitually  by  these  ferocious  biped  reptiles,  in  lying  in  wait 
for  prey. 

The  Hind  Limbs. 

Several  restorations  of  the  posterior  limb  of  M^galoiauruM 
have  been  attempted,  but  \\\q  imperfect  material  at  hand  wm 
not  sufficient  to  ensure  entire  success.  In  the  restoration  of 
AJIosaui^is^  given  in  Plate  XII,  figure  2,  only  the  bones  found 
together  have  been  placed  in  position.  The  relative  propor- 
tions of  the  femur  and  tibia  are  shown  in  this  figure,  and  the 
general  structure  of  the  foot.  The  astragalus  and  calcaneuin 
are  distinct  from  the  tibia  and  fibula,  as  in  all  the  known 
Thevopoda^  although  their  coalescence  has  been  regarded  as 
certain  in  some  of  the  genera.* 

In  the  foot  of  AllosauruH  fragHia^  represented  in  Plate  XII, 
no  tarsal  bones  of  the  second  row  were  found,  although  the 
adjoining  bones  were  nearly  in  their  natural  position.  Wliether 
the  former  were  imperfectly  ossified,  or  lost,  in  this  instance 
cannot  be  detennined  with  certainty,  but  there  is  evidence 
of  the  presence  of  these  bones  in  several  other  members  of  the 

froup.  In  the  present  foot,  there  were  three  functional  dimts. 
'he  metatarsals  are  very  long,  and  fitted  closely  to  each  otiier, 
especially  at  their  upper  ends.  The  phalanges  and  claws  were 
mostly  found  near  the  positions  here  assigned  to  them. 

*  Compsognathus  is  cited  as  an  instance  of  tliis  union,  but  in  a  careful  rtudvof 
the  original  specimen  in  Munich,  the  writer  found  evidence  that  the  astragalus  is 
distinct,  although  closely  attached  to  the  tibia.  '  Baur  has  since  proved  this 
conclusively  (Morpholog.  .lahrbuch,  VIII).  In  the  StegosaurtdiF  alone,  amoog 
known  Dinosaurs,  is  the  astragalus  coossified  with  the  tibia.  This,  howeTer.  ii 
not  a  cliaracter  of  much  iuqjortance. 
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le  specimens  of  Theropoda  here  first  described,  including 
ype  specimen  of  Ceratosaurue  nasicomis^  are  from  the 
titosaurus  beds  of  the  Upper  Jurassic,  in  Colorado,  where 
were  found  by  Mr.  M.  I*.  Felch.  The  associated  fossils 
arious  Sauropoda^  Stegosauriaj  and  Omithopoda^  together 
Jurassic  Mammals.**^ 


Classification. 

le  main  characters  of  the  order  Theropoda^  and  of  the 
lies  now  known  to  belong  to  it,  are  as  follows : 

Order  THEROPODA. 

-emaxillary  bones  with  teeth.     Anterior  nares  at  end  of  skull, 
je  antorbital  opening.     Vertebras  more  or  less  hollow.     Fore   • 
s  very  small ;  limb  bones  hollow.     Feet  digitigrade ;   digits 
I  prehensile  claws.     Pubes  projecting  downward,  with  distal 
\  coossified. 

Family  Megalosauridas.  Anterior  vertebrte  convexo-concave ; 
remaining  vertebrae  bi-concave.  Pubes  slender.  Astragalus 
with  ascending  process. 

Genera,     Megalosaurus    (Poikilopleuron)^     AUosaunis^ 
Ccelosaurus^  Creosaums^  Dryptosaurtis  (Loilaps). 

P'amily  Ceratosauruhe,  Horn  on  skull.  Cervical  vertebrae 
plano-concave,  remaining  vertebrae  bi-concave.  Pubes 
slender.  Pelvic  bones  cooRsified.  Orscous  dermal  plates. 
Astragalus  with  ascending  process. 

Genus,  Ceratosaurus. 

Family  LahrosatiridiP,,  Lower  jaws  edentulous  in  front. 
Cervical  and  dorsal  vertebrae  convexo-concave.  Pubes 
slender,  with  anterior  margins  united.  Astragalus  with 
ascending  process. 

Geims,  Lffbrosaums, 

Y'AinWy  Zandodontidm.  Vertebrae  bi-concave.  Pubes  broad 
elongate  plates,  with  anterior  margins  united.  Astragalus 
without  ascending  process.     Five  digits  in  manus  and  pes. 

Genera,  Zanclodo7i,  ?  Teratofiaurus. 

The  presence  of  various  ^nera  of  Dinosaurs  closely  allied  to  these  American 
IS  in  essentially  one  horizon  in  the  Isle  of  Wight,  sujrgests  that  the  beds  in 
*h  they  occur  are  not  Wealden,  as  generally  supposed,  but  Jurassic. 

I.  JocTB.  Sci.— Third  Series,  Vol.  XXVII,  No.  100.— April,  1884. 
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(6.)  YwaW"^  AmphiBavtidm,  VertebraB  bi-concave.   Pubes  rod-like. 
Five  digits  in  inanus,  and  three  in  pes. 

Genera,  Amphisaurua  {MegadactyluB)^  ? Bathygnatkm^ 
?  Clepsf/savrtis,  PaloBosaurtUy  ITiecodontaaaurue. 


Suborder  CCELUIIIA. 

(6.)  Family  Ccduridm.  Vertebrae  and  bones  of  skeleton  pneu- 
matic. Anterior  cervicals  convexo-concave;  remaining 
vertebrie  bi-concave.  Cervical  ribs  coossified  with  vertebne. 
Metatarsals  very  long,  and  slender. 

Genus,  Ccelurus. 


Sub-order  COMPSOGNATHA. 

(7.)  Family  Compsognathidce.  Cervical  vertebrae  oonvezo-con- 
cave ;  remaining  vertebrae  bi-concave.  Three  functional 
digits  in  manus  and  pes.  Ischia  with  long  symphysis  on 
median  line. 

Genus,  Compsognathus. 

Of  these  kg  veil  well  marked  families,  the  Amphviaurida  and 
Zanclodontidw  are  Triassic,  the  Megalosaundae  are  Jurassic 
and  Cretaceous,  while  the  others  are  all  Jurassic  alone. 

There*  are  Htill  some  very  diminutive  carnivorous  Dinoflann 
that  cannot  at  present  be  referred  to  any  of  the  above  families; 
but  this  may  in  part  be  due  to  the  fragmentary  condition  in 
which  their  remains  have  been  found. 

The  peculiar  orders  Uallopoda  and  Aetoso/uria  include 
carnivorous  reptiles  whi(»h  are  allied  to  the  Dinosauria,  but 
they  differ  from  that  group  in  some  of  its  most  characteristic 
features.  In  both  Aetosaur^in  and  IlaUopus^  the  calcaneumis 
much  produced  backwards.  In  the  former  genus,  the  entire 
lim])s  arc  crocodilian,  and  this  is  also  true  of  the  dermal  cover- 
ing. In  Ilalhjjm^,  the  calcaneum  is  greatly  lengthened,  and 
the  whole  posterior  limb  is  especially  adapted  to  leaping.  In 
both  of  these  genera,  there  are  but  two  sacral  vertebne,  bnt 
this  may  be  the  case  in  tnie  Dinosaurs,  especially  from  the 
Trias.  Future  discoveries  will  probably  bring  to  light  inter- 
mediate forms  between  these  orders  and  the  typical  Sinosaore. 

• 

Yale  (^olleKe,  New  TIaveu,  March  17,  1884. 
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EXPLANATION   OF  PLATES. 


PLATK  VITI. 

'iGURE  1. — Skull  of  Cei'ulosaurwi  luuioomis^  Marsh;  side  view. 
^OURE  2. — The  same  skull;  front  view.  . 

"iGURE  3. — The  same  skull;   top  view. 

»,  nasal   opening;    6,  born-<x>re;    e,  antorbital   opening;   d,  orbit;    e,  lower 
temporal  fossa ;  /,  foramen  in  lower  jaw ;   i,  transverse  bone. 

All  the  figures  are  one-sixth  natnnJ  size. 

PLATK  TX. 

Pioi^E  1. — Skull  and  brain-cast  of  CercUosaurus  nasicomis^  Marsh;    seen  from 
above,  one-sixth  natural  size. 

0,  nasal  opening;  b,  horn-core;  c,  antorbital  opening;  cf^  cerebral  hemispheres; 
d,  orbit ;  e,  lower  temporal  fossa ;  /,  frontal  bone ;  A,  supra-temporal  fossa ; 
;',  jugal  bone  ;  m,  maxillary  bone ;  m',  medulla ;  n,  nasal  bone ;  oe,  occipital 
condyle ;  o/,  olfactory  lobes ;  pf,  pre-frontal  bone ;  pm^  pre-maxillary  bone  ; 
q,  quadrate  bone ;  qjy  quadnito-jugal  bone. 

KiGURE  2. — Brain-cast  of  same  skull :  side  view.    One-fourth  natural  size. 

c,  cerebral  hemispheres;    c&,  cerebellum;    m,  medulla;    o2,  olfactory  lobe's; 
on,  optic  nerve ;  op,  optic  lobe ;  p,  pituitary  body. 

^GURS  3. — Right  pre-maxillary  bone  of  Creoaaurus  atrox,  Marsh ;  front  view ; 
one-sixth  natural  size. 

2a,  lateral  view,  showing  outer  side ;  26,  lateral  view,  showing  inner  surface. 

'iGURB  4.^Left  dentary  bone  of  Ldbroaauras  ferox,  Marsh ;  superior  view  ;  one- 
sixth  natural  size. 

*IGURK  5. — The  same  bone ;  lateral  view,  outer  side. 

'^OURE  6. — ^The  same  bone;  lateral  view,  inner  side. 


PLATE  X. 

Goitre  1. — Atlas  of  Geratoaauriis  nasicomiSy  Marsh. 

^OURE  2. — Axis  of  GercUoaaurua  nasicomis. 

"iQURE  3. — ^Third  vertebra  of  CercUoaaurus  nasicomis. 
a,  side  view ;  6,  front  view ;  c,  posterior  view ;  ef,  top  view  ;  c,  inferior  view. 

lOURE  4. — Sixth  vertebra  of  Oeralosaurua  naaicomis ;  side  view. 

leuRB  5. — Dorsal  vertebra  of  OercUosaurus  tuuicomis ;  side  view. 

tGURE  6. — Fifth  caudal  vertebra  of  same   species,   with  chevron   in   natural 
position ;  side  view. 

.Ml  the  figures  are  one-sixth  natural  size. 
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PLATE  XJ. 

Figure  1. — Pelvis   of   Ceratosaurtis  nasicomiSj  Marsh  ;    side  yiftw,  seen  from 
the  lea. 

FiauRE  2.— Pelvis  of  AUosaurus  fragilis^  Marsh ;  the  same  view, 
a,  acetabulum  ;  i7,  ilium  ;  t9,  ischium ;  j),  pubis. 

Both  figures  are  one-twelfth  natural  size. 

Figure  3. — Pubes  of  Ccelurue  agUis,  Marsh, 
a,  side  view ;  b,  front  view ;  c,  foot,  or  distal  end ;  one-fourth  natural  size. 


PLATE  XIL       • 

Figure  1. — Bones  of  left  fore  leg  of  AUoaaurus  frctgilis,  Marsh. 
Figure  2. — Bones  of  left  hind  leg  of  Allosaurtta  firagilis. 
Both  figures  are  one-twelfth  nHtiiral  size. 

PLATE  Xin. 

FifJURE  I. — Cervical  vertebra  of  CcUurui  fragilis.  Marsh;  front  view, 
la,  side  view;   1&,  transverse  section  of  same  vertebra. 

Figure  2. — Dorsal  vertebra  of  Coelurus  JragUis ;  front  view. 
2a,  side  view ;  26,  transverse  section  of  same. 

Figure  3. — Caudal  vertebra  of  Gcslurus  fragiHs ;  front  view. 

2^/,  side  view;  26,  tranMverse  section  of  same;  a,  anterior;  p,  posterior:  ^ 
cavity ;  /,  lateral  foramen  ;  nc,  neural  canal ;  r,  coossified  rib :  ^.  neural 
spine;  z,  antorior  zy^npophysis  ;  z',  posterior  zygapophy sis. 

All  the  figures  are  natural  size. 

PLATE  XIV. 

h'lGURE   1. — Loft  ilium  of  Creosaurus  (Urox^  Marsh;  seen  from  the  left. 

FicjuRE  2. — The  same,  seen  from  below ;  both  one-tenth  natural  size, 
a,  anterior,  or  pubic*,  articulation  ;  6.  posterior,  or  ischiadic,  articulation. 

Figure  3. — Lumbar  vertebra  of  Creosaurus  atrox;  front  view. 

FiGi'HE  4. — TIu>  .same;  side  view,  from  the  left;  both  one-sixth  natural  size. 

<(,  anterior  articular  face;  p.  posterior  articular  face;  *,  neural  spine;  d, 
diapophysis  ;  z,  anterior  zygapophysis  ;  z',  posterior  zygapophysis. 
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KT.  XXXIX. — A  n&w  order  nf  ext'iwi  Jnragini:   Hept'ilen 
(Macelognatha)  ;  by  O.  C.  Mahsh. 

A  NEW  type  of  reptilian  life  is  represented  in  the  Yale 
nseiini  by  various  remains,  the  most  characteriBtic  of  wliich 
e  the  two  dentary  bones  of  the  lower  jaws.  These  bones 
semble  in  many  respects  the  corresponding  part*  of  a  Turtle, 
it  are  broader,  and  more  nearly  horizontal.  The  jaws  were 
idently  covered  with  a  homy  beak  in  front,  but  further  back 
■ey  contained  teeth.  The  edentulous  portion  is  Hat  and  thin, 
id  nearly  horizontal.  The  two  rami  meet  in  nearly  the  same 
ane,  and  are  united  at  the  symphysis  by  a  close  sntura  The 
irm  and  general  characters  of  these  specimens  are  represented 
I  tlie  cut  iKflow. 


iws  of  ^aixtogTutlhMx  vo^aiM,  Marsh.     Seen  Trom  above.     One-half  attluml  Bize. 

The  teeth  were  implanted  in  distinct  sockets,  in  front,  but 
jrther  back,  the  walls  between  them  become  thinner,  and  a 
roove  appears  to  gradually  take  their  place.  The  form  of 
ae  teetli  cannot  be  determined  from  the  present  specimen. 

The  remains  found  witli  these  jaws  were  mostly  Chelonian, 
ut  none  were  afisociated  with  them  in  snch  position  as  to 
rarrant  the  conclusion  that  they  pertained  to  the  same  animal 

These  fossils  indicate  a  new  order  of  reptiles,  which  may  be 
■lied  the  Macelognatha,  and  the  family,  Macelognathidos. 
'lie  genns  and  species  may  be  termed  Maalognatkua  vagajie. 

These  jaws  are  too  solid  and  massive  for  Birds  or  Ptero- 
ictyles.  With  Serpents  and  Lizards  they  have  evidently 
dy  remote  affinities.  The  close  union  of  the  rami  by  suture 
parates  them  from  the  Dinosaurs,  and  the  endentulons  beak, 
am  Crocodiles.  80  far  as  now  known,  they  appear  to  be 
arest  allied  to  the  Ghelonia,  although  Turtles  witnout  teeth 
cur  in  the  same  strata  with  them. 

The  geological  horizon  of  these  peculiar  remains  is  in  the 
blantosauniE  beds  of  the   Upper  Jurassic.     The   locality  is 

Wyoming  Territory. 

S'ale  Collage,  March  21at,  1884. 
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Art.  XL. — Remarks  on  Professor  NewcomVs  "  Rqoinderf^ 
by  James  Croll,  LL.D.,  F.R.S.* 

In  this  Journal  for  last  January,  Professor  Newcomb  has 
oue  me  the  honor  to  reply  to  my  remarks  in  the  October 
umber  on  his  Review  of  *  Climate  and  Time,'  which  appeared 
1  this  Journal,  May,  1876.  With  regard  to  this  Rejomder  of 
is,  I  regret  that  I  must  repeat  what  I  said  about  his  Review, 
iz:  that  nearly  all  his  objections  are  based  on  strange,  and  to 
le  unaccountable,  misapprehensions  of  my  reasoning  and  of 
36  views  which  I  actually  hold.  I  have  no  desire  to  continue 
ais  controversy,  but  may  be  allowed  briefly  to  refer  to  those 
cints  on  which  I  have  been  so  thoroughly  misunderstood. 

Of  course  I  fully  concur  in  Professor  Newcomb*s  opening 
emarks  as  to  the  desirability  of  "  a  purely  mathematical  inves- 
igation  of  the  subject."  Such  an  investigation,"  however,  is, 
'.  think,  impossible  at  present.  In  a  question  so  complex  and 
lifficult  as  that  of  the  cause  of  the  Glacial  epoch,  depending 
i&  it  does  on  the  consideration  of  so  many  different  elements, 
wme  of  which  are  but  little  understood,  logical  analysis  rather 
Ian  mathematics  will  require  to  be  our  instrument  in  the 
nean  time.  The  question  must  first  assume  a  clear,  definite 
nd  logical  form  before  mathematics  can  possibly  be  applied 
3  it 

Prof.  Newcomb  objects  that  my  language  is  wanting  in  quan- 
tative   precision — that  I   use  such  terms   as  "great,"  ** very 

*  Communicated  by  the  Author. 
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great,"  *' small,"  "comparatively  small,"  and  so  forth,  withoat 
any  statement  of  the  units  of  comparison  relatively  to  which 
these  expressions  are   employed.     No  one   reasoning  on  the 
combined  influence  of  a    multitude  of  physical    causes  could 
well  avoid   the  almost  continual  use  of  such  terms.     Besides, 
my  critic  forgets  that  in  almost  every  case  in  which  I  use  these 
terms  numerical  exactness  is  not  attainable ;  and  even  if  it  were, 
it  would,  as  a  rule,  be  of  little  service,  seeing  that  the  conclu- 
sion generally  depends  on  the  simple  fact  that  one  quantity  is 
less  or  greater  than  another,  not  on  hoxo  mudi  less  or  how  much 
greater  the  one  may  be  than  the  other.     Although  my  argu- 
ments  are  logical,  few  writers,  I  venture  to  say,  have  done  more 
than  myself  to  introduce  definite  quantitative  exactness  into 
the  questions  I  have  discussed. 

Prof.  Newcomb  gives  his  readers  to  understand  that  I  assume 
Newton's  law  of  cooling  to  be  correct ;  and  that  I   apparently 
nowhere  adduce  the  more  correct  law  of  Dulong  and  Petit— 
viz:  that  if  we  take  a  series  of  temperatures  in    arithmetical 
progression,    the  corresponding  rates  of  radiation  of  heat  will 
not  be  in  arithmetical  progression,  but  in  a  series  of  which  the 
differences  continually  increase.     If  he  will  refer  to  the  *  Rea- 
der,' Dec.  1),  1865,  Phil.  Mag.,  Feb.  1870,  *  Nature,' April  1,. 
1880,  and  'Climate  and  Time'  (the  book  he  reviewed),  p.  37, 
he  will  there  see  the  question  discussed  at  considerable  lengib. 
He  will  also  lind  reference  made  to  a  remarkable  circumstance 
connected  with  radiation  which  perhaps  may  be   new  to  him. 
It  is  this:  the  law  of  Dulong  ana  Petit  (that  as  the  temj)erature 
of  a  body  risCvS  the  radiation  of  the    body  increases  in  a  much 
higher  ratio)  holds  true  only  of  the  bod}^  considered  as  a  imiss. 
The  probability  is,  as  has  been  shown  by  Prof.  Balfour  Stewart,' 
that  the  individual  particles  composing  the  body  obey  Newton's 
law  in  their  radiation  ;  in  other  words,  the  radiation  of  a  mate- 
rial particle  is  directly  proportionate  to  its  absolute  temperature. 

Further,  in  estimating  the  extent  to  which  temperature  is 
aftectcd  by  a  change  in  the  sun's  distance,  Newton's  law  makes 
the  extent  too  great;  while  the  formula  of  Dulong  and  Petit, 
which  is  an  empirical  one,  makes  it,  on  the  other  hand,  loo 
small.  This  formula  has  been  found  to  agree  pretty  closely 
with  observation  within  ordinary  limits,  but  it  completely 
breaks  down  when  applied  to  determine  high  temperatures. 
For  example,  it  is  found  to  give  a  temperature  for  the  sun  of 
only  2180"^  F.,  or  not  much  above  that  of  an  ordinary  furnace^ 
It  is  probable  also  that  it  will  equally  break  down  when 
applied  to  very  low  temperatures,  such  as  that  of  space. 

I  am  very  much  pleat-ed  to  lind  that  Prof.  Newcomb  draws  a 
conclusion  from  l)uloi)<r  and  Petit's  law  fuvorable  to  my  theory 
of  the  cause  of  the  Glacial  epoch,  which  certainly  did  escape 
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my  notice.  And  it  is  a  curious  circumstance  that  Mr.  Hill* 
has  likewise  deduced  a  conclusion  even  more  fayorable  to  gla- 
ciation  than  that  of  Prof.  Newcomb. 

Prof.  Newcomb  says : — **  Mr.  Croll  suggests  that  I  may  have 
forgotten  the  researches  of  Pouilletand  Herschel  into  the  tempe- 
rature of  space.  I  reply  that  I  regard  the  conclusion  that  the 
temperature  of  space  is  —239°  as  having  no  sound  basis."  This 
may  be  perfectly  true ;  but  it  is  hardly  a  warrant  for  affirming 
that  practically  there  is  but  one  source  (the  sun)  from  which  the 
surface  of  the  earth  receives  heat,  without  even  referring  to  the 
researches  of  these  eminent  physicists,  who  have  arrived  at  a 
totally  different  conclusion.  Any  one  who  has  read  'Climate 
and  Time'  will  know  that  I  adopted  —239°  as  the  temperature 
of  space,  not  because  I  believed  that  estimate  to  be  correct,  but 
because  at  the  time  I  wrote  there  was  no  other  to  adopt.  In 
fact,  in  adopting  so  high  a  temperature  for  space  I  was  doing 
my  theory  a  positive  injury.  This  is  obvious ;  for  the  lower 
the  temperature  of  space  the  greater  must  be  the  decrease  of 
temperature  resulting  from  an  increase  in  the  sun's  distance 
due  lo  eccentricity.  My  opinion  all  along  has  been  that  the 
temperature  of  space  is  little  above  absolute  zero. 

As  an  argument  against  the  conclusion  that  space  can  have 
the  high  temperature  assigned  to  it  by  Pouill^t  and  Herschel, 
he  says: — "Photometry  shows  that  the  combined  light  from 
all  the  stars  visible  in  the  most  powerful  telescope  is  not  a 
millionth  of  that  received  from  the  sun,  and  there  is  no  reason 
for  believing  that  the  ratio  of  light  to  heat  is  incomparably  dif- 
ferent in  the  two  cases."  This  very  argument  from  the  extreme 
smallness  in  the  amount  of  light  derived  from  the  stars  in  com- 
parison to  that  from  the  sun,  intended  by  him  to  convince  me 
of  the  absurdity  of  supposing  that  space  possesses  a  tempera- 
ture as  high  as  —239°,  is  just  the  very  argument  advanced  by 
myself  upwards  of  eighteen  years  ago,  in  the  *  Reader'  for  De- 
cember 9,  1865,  and  afterwards  reproduced  in  *  Climate  and 
Time/  at  page  39,  from  which  I  quote  the  following: — 

**  We  know  that  absolute  zero  is  at  least  493®  below  the  melt- 
ing-point of  ice.  This  is  222°  below  that  of  space.  Conse- 
quently, if  the  heat  derived  from  the  stars  is  able  to  maintain  a 
temperature  of  —239°,  or  222°  of  absolute  temperature,  then 
nearlv  as  much  heat  is  derived  from  the  stars  as  from  the  sun. 
But  if  so,  why  do  the  stars  give  so  much  heat  and  so  very  little 
light  ?  If  the  radiation  from  the  stars  could  maintain  a  ther- 
mometer 222°  above  absolute  zero,  then  space  must  be  far  more 
transparent  to  beat-rays  than  to  light-rays,  or  else  the  stars  give 
out  a  great  amount  of  heat,  but  very  little  light,  neither  of  which 

*  **  ETaporation  and  Kcceutricity  as  Co-factors  in  Glacial  Periods,"  Geological 
Kagazine  for  November,  18K1. 
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suppositions  is  probably  true.  The  probability  is,  I  venture  to 
presume,  that  the  temperature  of  space  is  not  very  much  above 
absolute  zero^ 

In  regard  to  Professor  NewcoraVs  objections  to  the  reasons 
which  I  have  adduced  to  show  that  the  ocean  ought  to  be 
warmer  than  the  land,  I  am  at  a  loss  to  understand  how  he  can 
have  so  completely  misunderstood  me  on  that  point.  I 
thought  I  h^d  expressed  my  views  with  sufi&cient  clearness, 
but  now  fear  I  cannot  have  done  so.  1  need  not,  however, 
again  go  over  my  argument  in  detail,  but  shall  simply  state 
what  the  views  are  which  I  have  all  along  maintained.  This 
will  suffice  to  show  that  these  views  are  diametrically  the  oppo- 
site of  those  which  my  critic  has  attributed  to  me. 

The  temperature  of  a  body  can  remain  stationary  only  when 
the  rate  at  which  it  is  losing  equals  that  at  which  it  is  receiving 
heat.  If  heat  be  lost  more  rapidly  than  it  is  received  the 
temperature  will  fall.  The  fall  of  temperature  will  diminish 
the  rate  of  loss  till  the  rate  of  loss  equals  the  rate  of  gain. 
After  this  the  temperature  becomes  stationary.  If  we  have 
two  bodies,  A  and  B,  the  same  in  every  respect,  each  receiving 
(say  from  the  sun)  the  same  amount  of  heat  in  a  given  time; 
and  if  the  only  difference  between  them  be  that  A  has  a 
greater  difficulty  than  B  in  getting  quit  of  the  heat  which  it  is 
receiving ;  then,  for  the  reason  just  assigned,  A  will  nece««arily 
stand  at  a  higher  temperature  than  B.  Let  us  now  suppose 
the  southern,  or  water  hemisphere,  to  be  A,  and  the  northern, 
or  land  hemisphere,  to  be  13.  I  have  endeavored  to  show 
('Climate  and  Time,*  and  elsewhere)  that  A,  the  water  hemi- 
sphere, ought  to  have  a  higher  mean  temperature  than  B,  the 
land  hemisphere,  because  the  former  has  a  greater  difficulty 
in  getting  quit  of  the  heat  which  it  is  receiving  from  the  sun 
than  the  latter.  The  question  then  arises,  how  is  it  that  the 
water  hemisphere  has  a  greater  difficulty  than  the  land  hemi- 
sphere in  getting  rid  of  its  heat.  It  is  mainly  due  to  that 
cause  which  Professor  Newcomb  says  is  quite  new  to  hira,  viz: 
the  fact  that  Oie  aqueous  vapor  of  the  air  is  far  less  diat/iermanous 
to  radiation  from  wftter  thai)  from  land.  It  is  a  curious  fact  that 
Professor  Newcomb,  \\\  his  "Rejoinder,"  entirely  overlooks 
this  cause  nssigiied  by  me,  although  I  have  stated  it  fully  in 
u\\  fourth  reason.  The  per  tod  of  the  heat- vibrations  of  the 
a(|ueoua  vapor  of  the  air  is  the  same  as  that  of  the  ocean,  and 
consequently  tlie  aqueous  vapor  will  absorb  radiation  from  the 
ocean  more  readily  than  from  the  land.  A  considerable  por- 
tion of  the  heat  absorbed  by  the  aqueous  vapor  of  the  air  is 
thrown  hnck  upon  the  ocean,  and  in  this  way  the  aqueous 
vafor  acts  as  a  screen,  or  like  the  glass  of  a  greenhouse,  in  pre- 
venting  the  ocean  from   getting  quit  of  its  heat  so  rapidly  as 
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land.  The  result  is  that  the  temperature  of  equilibrium 
e  ocean  must  be  higher  than  that  of  the  land.  In  other 
s,  before  the  ocean  can  manage  to  throw  oflF  its  heat  into 
J  as  rapidly  as  it  is  receiving  it,  its  temperature  must  be 
3r  than  that  of  the  land. 

»e  foregoing  conclusion  follows  so  obviously  from  the 
m  properties  of  aqueous  vapor  and  the  principles  of  ther- 
>rnamics  that  I  can  hardly  believe  Professor  Newcomb  will 
t  in  question.  But  he  will  ask  how  can  the  transparency 
le  ocean  for  heui-rays,  the  mobility  of  its  particles,  and 
greater  store  of  heat  which  it  possesses,  be  a  reason  why 
lean  temperature  should  be  higher  than  that  of  the  land  ? 
)ught  I  had  made  all  this  clear.  The  reason  becomes  ap- 
it  when  we  consider  why  it  is  that  the  surface  of  the  ocean 
ig  night  and  also  during  winter  is  warmer  than  the  surface 
le  land.  The  ocean  in  temperate  regions  seldom  sinks  to 
freezing-point,  while  the  land  is  frequently  frozen  for 
,hs.  The  cause  is  obvious  enough  :  at  night,  when  the 
ce  of  the  ocean  becomes  cool,  the  cold  particles  sink  and 
places  are  supplied  oy  warm  particjes  from  below,  and  so 
as  the  heat  stored  up  remains,  the  surface  can  never  be- 
cold.  Were  it  not  for  the  transparency  of  water  for  heat- 
it  would  be  impossible  that  the  ocean  could  obtain  a  sup- 
►f  heat  sufficient  to  maintain  its  surface-temperature  during 
entire  winter;  and,  on  the  other  hand,  were  the  particles 
nobile,  this  store  could  be  of  little  service. 
is  true  that  the  land  is  hotter  during  the  day  and  alsodur- 
,he  summer  than  the  ocean,  but  it  is  found  that  the  more 
ble  temperature  of  the  ocean  gives  a  higher  mean.  This 
rther  shown  from  another  consideration.  The  land  is 
indebted  for  heat  to  the  ocean  than  the  ocean  is  for  heat 
3  land.  For  example,  a  very  considerable  portion  of  the 
ith  enjoyed  by  Northwestern  Europe  is  derived  from  the 
[itic.  In  like  mariner,  Western  America  is  indebted  to 
Pacific  for  a  large  amount  of  its  heat.  In  addition  an 
jnse  quantity  of  the  heat  received  from  the  sun  by  the 
1  is  consumed  in  producing  evaporation,  and  a  large  por- 
3f  this  heat,  latent  in  the  vapor,  is  bestowed  on  the  land 
ig  condensation.  Yet,  notwithstanding  this  transference  of 
from  the  ocean  to  the  land,  the  mean  temperature  of  the 
3r  is  greater  than  that  of  the  latter.  Were  it  not  for  its 
of  summer  heal  the  ocean  could  not  afford  to  part  with 
ich  of  its  heat  to  the  land  during  winter  and  still  maintain 
her  mean  temperature. 

ome  now  to  the  consideration  of  the  most  singular  of  all 
jSi*or  Newcomb's  misapprehensions — that  one,  namely, 
1  has  reference  to    my   third   reason.     In  that  reason  I 
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stated,  what  every  physicist  knows  to  be  perfectly  correct,  that 
the  aqueous  vapor  of  the  air  radiates  back  a  portion  of  its 
heat;  and   the  ocean,    for  reasons    which    have   been    already 
stated,  absorbs  this  radiation  more  freely  than  the  land.     Radi- 
ation  from   the  air  therefore  tends  more  readily  to   heat  the 
ocean   than   it  does  the  land.     Professor  Newcomb  says  that 
this  involves  the  reduciio  ad  absurdnm  of  two  bodies  heating 
each  other  by  their  mutual  radiation.     This  is  not  the  state  of 
the  case  at  all,  for  both  bodies  receive  their  heat  from  the  sun ; 
their  mutual  radiation  simply  retains  them  at  a  higher  tempera- 
ture than  they  could  otherwise  have.    Here  Professor  Newcomb 
appears  to  get  into  confusion  owing  to  the  meaning  which  he 
attributes  to  the  word  **  heating."     The  views  which  I  have 
advocated  in  reference  to  this  mutual  radiation  are  as  follows: 
According  to  the  dynamical  theory  of  heat,  all  bodies  above 
absolute  zero  radiate  heat     If  we  have  two  bodies,  A  at  200® 
and  B  at  400°,  then,  according  to  Prevost*s  theory  of  exchanges, 
A  as  truly  radiates  heat  to  B  as  B  does  to  A.     The  radiation 
of  A,  of  course,  can  never  raise  the  temperature  of  B  above 
400°  ;  but  nevertheless  the  tendency  ol  the  radiation  of  A,  in  so 
far  as  it  goes,  is  to  raise  the  temperature  of  B.     This  is  demon- 
strated by  the  fact  that  the  temperature  of  B,  in  conseqaenci 
of  the  radiation  of  A,   is  prevented  from  sinking  so  low  as  it 
would  otherwise  do.     All  this  is  so  well  known  to  every  stu- 
dent of  thermodynamics,   that  I  can   hardly  think  Professor 
Newcomb,  on  reflection,  will  dispute  its  accuracy.     And  if  he 
admits  this,  then  he  must  also  admit  the  soundness  of  my  third 
reason,    for  this  is  the  principle  on   which   it  is   based.    The 
aqueous  vapor  of  the  air  absorbs  a  considerable  amount  of  the 
heat  which   is  being  constantly  radiated  by  the  ocean;  a  por- 
tion of  this  heat  thus  absorbed  is  thrown  back  upon  the  ocean, 
the  tendency  of  which  is  to  keep  the  surface  of  the  ocean  at  a 
much  higher  temperature  than  it  would  otherwise  hava     Prof. 
Laiigley   has  concluded,    from    observations    made   at  Mount 
Whitney,  that  were  it  not  for  the  heat  thrown  back  by  the 
atmosphere,  or   ''  trapped  "  as  it  is  popularly  called,  mercury 
would  remain  solid  under  a  vertical  sun. 

In  his  Keview  of  *  Climate  and  Time,'  Professor  Newcomb 
advocated,  as  a  fatal  objection  to  my  theory,  that  the  quantity 
of  heat  received  from  the  sun  during  summer  would  oe  suffi- 
cient to  melt  in  a  few  days  the  entire  amount  of  snow  and  ice 
acciunulated  durin<^  winter.*  This  objection,  I  pointed  ontio 
my  reply  (ihis  Journal,  Oct.,  1883,  p.  2H4),  is  based  on  the 
erroneous  assumption  that  the  quantity  of  snow  and  ice  melted 

*  Were  this  objection  correct  it  would  prove  that  there  could  have  been  DO 
Glacial  Ej)0(?li ,;  for  it  is  obvious  that  had  not  the  sun's  heat  failed  to  m«h  thi 
winter  s  enow,  not  during:  ilie  course  of  a  few  days  merely  but  during  thetntjn 
summer,  there  could  not  possibly  liave  been  permanent  ice. 
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most  be  proportionate  to  the  amount  of  heat  received  from  the 
«un.  In  proof  of  the  erroneous  nature  of  this  assumption,  I 
refer  to  the  fact  that  on  the  lofty  summits  of  the  Himalayas 
And  Andes,  for  example,  the  quantity  of  heat  received  from 
the  sun  would  be  sufficient  to  melt  at  least  fifty  feet  of  ice  per 
annum,  and  that  is  no  doubt  more  than  ten  times  the  quantity 
actually  required  to  be  melted  ;  yet  notwithstanding  the  snow 
remains  permanent.  The  cause  of  this  non-melting  I  showed 
is  due  to  the  fact  that  at  these  elevations,  owing  to  the  dryness 
of  the  air  (want  of  aqueous  vapor),  the  loss  of  heat  from  radia- 
tion into  stellar  space  is  so  excessive  that  the  rays  of  the  sun, 
intense  as  they  undoubtedly  are,  are  unable  to  raise  the  tem- 
peraiure  of  the  snow  to  the  melting-point ;  consequently,  no 
matter  what  may  be  the  amount  of  heat  received,  the  snow 
can  never  melt  It  may  evaporate,  but  it  cannot  melt.  I 
further  pointed  out  that,  were  the  aqueous  vapor  possessed  by 
the  atmosphere  sufficiently  diminished,  the  snow-line  would 
descend  to  the  sea-level  eyen  at  the  equator,  and  perpetual 
snow  would  cover  our  globe  down  to  the  sea-shore. 

I  was  much  pleased  to  find  that  Professor  Newcomb  has  not 
only  adopted  these  views  regarding  the  effects  of  an  absence  of 
aqueous  vapor,  but  suggested  that  they  may  yet  afford  an 
explanation  of  the  cause  of  the  Glacial  epoch.  Every  one 
&miliar  with  the  subject,  however,  knows  that  that  epoch  was 
not  due  to  a  dryness  of  the  air,  but  the  reverse. 


Art.  XLI. — Coinmumcatiojis  from  Vie  U,  &  Oeological  Survey^ 
Rocky  Mountain  Division,     VI.    On  an  interesting  variety  of 
LoUingite  and  other  Minerals  ;  by  W.  F.  Hillebrand. 

[Read  before  the  Colorado  Scieotific  Society,  April  and  Dec.,  1883.] 

Around  the  base  of  Teocalli  Mountain,  on  Brush  Creek, 
<Junnison  County,  Colorado,  there  occurs,  in  several  mines, 
a  cobaltiferous  and  nickeliferous  variety  of  lollingite  of  such 
peculiar  appearance  as  to  arrest  my  attention  at  a  glance. 
Close  scrutiny  so  strongly  confirmed  the  interest  at  first 
excited,  that  a  series  of  observations  was  undertaken,  of  which 
the  results  are  embodied  in  the  following. 

The  precise  locality  of  occurrence  of  the  specimens  examined 
was  unknown  to  Mr.  William  McCree,  who  presented  them  to 
the  Colorado  Scientific  Society,  but  Mr.  J.  G.  Ridgley  has  ob- 
aervetl  the  mineral  at  various  places  on  Brush  Creek,  and  has 
investigated  its  occurrence,  particularly  at  the  Luona  mine  on 
the  northwest  slope  of  Teocalli  Mountain.  It  is  here  found, 
according  to  Mr.  Ridgley,  associated  with  native  silver,  prous- 
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tite,  argentite,  pyrargyrite,  chalcopyrite,  galena,  aiderite.  barite 
and  calcite,  the  last  three  composing  the  gangQe.  Much  of  it 
is  decomposed,  forming  secondary  oxidized  products,  most  con- 
spicuous among  which  is  erythrite. 

The  mineral  seems  to  occur  in  some  quantity,  and  one  of  the 
specimens  examined  was  of  several  pounds  weight     The  strik- 
ing appearance  already  alluded  to  becomes  visible  only  on  frac- 
tured surfaces.     There  are  seen,  embedded  in  the  siderite  and 
barite  gangue,  steely-white  forms,  one-eighth  of  an  inch,  more 
or  less,  in  diameter,  of  pronounced  radiate  structure,  the  longer 
radii  protruding  from  the  mass,  and  giving  the  whole  a  beauti- 
ful stellate  appearance.    The  star  forms  occur  sometimes  singly, 
but  more  frequently  joined  together  in  greater  or  less  number, 
without  losing  in  any  marked  degree  the  peculiar  character  of 
the  individual.     In  some  specimens  the  appearance  approaches 
that  of  a  dense  homogeneous  mass  several  inches  in  diameter, 
but  even  in  the  densest  portions  the  radiate  structure  is  gener- 
ally distinctly  discernible. 

In  order  to  discover,  if  possible,  a  clew  to  the  crystallographic 
structure,  and  also  to  obtain  material  for  analysis,  specimens 
were  treated  with  hydrochloric  acid  without  previous  crushing, 
whereby   the  siderile  and  the  arseniates  of  iron,  cobalt  and 
nickel  were  entirely  dissolved.     The  Idllingite  remained  quite 
black  on  all  pans  where  the  gangue  had  been  eaten  away,  but 
surfaces  of  previous  fracture  retained  their  white  color.    The 
star- like  forms  were  then  seen  to  be  composed  of  a  consider- 
able number  of  long  flattened  ellipsoids,  interpenetrating  at  a 
common  center  in  every  direction.     When  one  of  these  clusters 
was  broken  through  the  star  form  appeared  on  the  surface  of 
fracture.     The  aggregates  were  joined   together  loosely,  mw 
that  the  cementing  material   had  been   removed,  though  fre- 
quently in   hu'^ii  clusters  of  many  hundreds  of  all  sizes,  from 
those  visible  only  with  the  aid  of  a  microscope,  to  others  an 
eighth  of  an  inch  or  more  in  diameter. 

A  microscopic  study  of  the  finer  part  of  the  material  liberated 
from  its  imprisonment  in  the  gangue,  and  broken  off'  from  the 
larger  ])ieces  during  the  treatment  with  acid  and  subsequent 
washing,  furnislietl  the  solution  to  the  question  as  to  what  was 
the  ('rvstall(jfrraf)hic  form  of  the  flattened  ellipsoids  composing 
the  a^izre^atcs  and  the  law  of  the  twinning.  The  fundamental 
form  is  that  of  lullingite,  showing  only  the  prism  and  macro- 
dome,  as  in  fig.  1."^  Frequently  these  two  forms  are  equally 
developed,  [)ro(lucin<2;  a  resemblance  to  a  low  pyramid  of  the 
tetragonal  system.   Very  few  even  of  the  most  minute  crystals  are 

♦All  thi*  5U'('oin]viTiyiii^  li^'-urc's.  with  tlio  oxception  of  fig.  1,  were  drawn  hvthe 
aid  of  a  cnrncra  incid.i.  ami  tli<n'f«»re  niako  no  j)rot<.'iiKions  to  cry  stallogniphic  accu- 
racy.    V\\r.\  is  rna^uili(."<l  alioiit  1.')  (liamet'TS.  the  others  from  40  to  150  diaineiers. 
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perfect  in  form,  and  possessed  of  sufficiently  smooth  surfacCxS  ta 
allow  of  even  approximate  measurement  under  the  microscope* 
Bepeated  attempts  were  made  to  get  these  in  proper  position 
under  the  instrument,  but  in  only  one  case  with  comparative 
success,  owing  to  their  microscopic  size.     The  angle  of  the 

{)risra  was  then  fonnd  to  be  very  nearly  122**,  that  given  for 
ollingite  being  122°  26'. 


Parallel  to  the  combination  edge  of  the  prism  and  macrodome 
there  is  almost  always  on  the  prism  a  striation  (more  coarsely 
marked  the  larger  the  crystal),  caused  by  the  alternate  repro- 
duction of  the  prismatic  and  domatic  faces.  Approaching  the 
combination  edge  the  reproduced  dome  face  becomes  relatively 
larger  than  that  of  the  prism,  the  consequence  of  which  is  a 
gradual  rounding  of  the  comers  and  a  contraction  arid  eventual 
disappearance  of  a  distinct  terminal  dome,  the  result  being  as 
represented  in  fig.  2,  an  ellipsoidal  form  with  a  slight  ridge 
through  the  center  representing  a  prism  edge.  Frequently  the 
comers  of  a  crystal,  occupying  the  position  of  fig.  1,  appear  aa 
if  modified  by  a  brachydome,  but  no  such  form  has  been  ob- 
served, the  replacement  being  a  straight  serrated  edge,  caused  by 
the  same  alternation  of  faces  as  in  the  case  of  rounded  corners. 
Even   where  the  macrodome  is   well  developed   it  generally 
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shows  a  contiDQation  in  some  degree  of  the  prismatic  striation 
parallel  to  the  same  combination  edge. 

The  first  step  toward  the  complex  twin  structure  is  the  forma- 
tion of  a  simple  twin,  or  rather  trilling,  by  interpenetration  of 
three  single  crystals  having  the  basal  section  in  common,  and  a 
face  of  the  prism  as  the  composition  face  (fig.  3).     A  basal  sec- 
tion shows  a  six-rayed  star,  with  angles  of  very  nearly  60**,  by 
microscopic  measurement,  between  the  axes  of  the  rays.     In 
the  microscopic  twins  one  individual  frequently  predominates 
greatly  in  size  over  the  other  two,  these  appearing  oflen  as 
thin  leaves,  projecting  but  a  short  way  out  of  the  larger  crystal 
The.se  trillings  are  finally  found  again  interpenetrating,  not  ac- 
<;ording  to  any  recognizable  law,  but  seemingly  in  every  direc- 
tion, and   in  indefinite  numbers,  forming   thus  the  complex 
aggregates  first  spoken  of.     All  these  stages  of  change  in  torm 
may  be  observed  with  great  ease  under  the  microscope,  the 
very  smallest  crystals  alone  showing  crystal lographic  faces  well 
defined.     As  the  crystals,  single  or  twin,  increase  in  size,  the 
faces  gradually  grow  more  and  more  indistinct,  and  finally  dis- 
appear entirely  in  consequence  of  increasing  striation. 

^Notwithstanding  repeated  attempts,  the  basal  cleavage  men- 
tioned in  text-books  as  characteristic  of  Idllingite  could  rarely 
be  produced,  and  never  a  cleavage  in  any  other  direction,  ex- 
cept in  the  case  of  the  trillings.  Here  an  individual  frequently 
broke  off  at  the  line  of  union  of  the  three,  that  is,  in  a  plane 
parallel  to  the  brachypinacoid. 

Aside  from   the  forms  distinctly  recognizable  as  Idllingite 
are,  however,  others  belonging,  apparently,  to  two  diflferent 
minerals.     The  first  of  these  became  visible  on  dissolving  the 
gangue,  when  there  came  to  the  surface  of  the  acid  and  the 
water  used  for  washing  out  the  latter  a  great  number  of  minute 
but  brilliant  metallic  particles  which  resolved  themselves  under 
the  loupe,  and  still  better  under  the  microscope,  into  thin  leaves 
or  bliulcs,  of  which   fig.  4  represents  one  of  the  more  perfect 
examples.     Its  forms  appear  to  consist  of  two  pinacoids  of  the 
rhombic  system,  one  vQvy  broad,  the  other  very  narrow,  and  a 
terminal   dome   having  an   angle  of   almost   exactly  90°  by 
microscopic  measurement.     The  faces  are  most  brilliantly  re- 
flectinsr.     Distinct  cleavage  was  not  observable.     The  second 
minenil,  which  is  almost  always  microscopic  in  size,  is  repre- 
sented in  figs.  5,  6,  7  and  8.     The  prominent  form  is  that  of  a 
leni^thoned  prism   with   an  angle  of  very  nearly,   if  not  quite, 
90°.     Repeated  measurements  gave  values  fluctuating  between 
88°  and  92°  as  the  extremes.     It  is  terminated  at  right  angles 
by  a  basal  plane,  the  four  corners  of  which  are  frequently  re- 
placed by  faces  which  mav  be  those  of  a  pyramid  or  two  domes, 
according  as  the  habit  is  pinacoidal  or  prismatic.     The  cleavage 
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is  parallel  to  the  base.  Single  crystals  are  rare,  two  or  more 
being  generally  seen  interpenetrating  as  in  figs.  5  and  6,  gen- 
erally at  an  angle  of  90®,  or  united  as  in  figs.  7  and  8.  In  the 
latter  figure  only  the  outlines,  not  the  faces  of  the  diflferent 
horizontal  individuals,  are  shown,  nor  do  the  numerous  vertical 
attachments  present  appear  either  in  this  figure  or  in  fig.  7. 
Occasional  instances  of  three  prisms,  crossing  at  right  angles 
like  the  axes  of  a  rectangular  system,  were  observed,  and  also 
a  single  instance  of  the  form  represented  in  fig.  9  where  each 
of  the  arms  showed  a  domatic  face.  The  most  striking  feature 
of  all  but  the  last  of  these  different  forms  is  the  invariable 
widening  at  the  point  of  union  or  intersection,  as  shown  in  the 
figures. 

Even  an  approximate  separation  of  these  two  minerals  from 
each  other  and  from  the  smallest  Icillingite  crystals  was  impos- 
sible, hence  no  conclusion  could  be  reached  as  to  their  quanti- 
tative composition.  Qualitative  tests  proved  them  both  to  be 
arseniates  of  cobalt,  the  square  prismatic  forms  containing  ialso 
iron  and  nickel.  An  incomplete  quantitative  test  upon  a  mix- 
ture of  these  three  minerals  showed  a  much  higher  percentage 
of  cobalt  and  nickel  than  the  analysis  of  the  pure  lollingite. 

Before  the  blowpipe  the  lollingite  furnished  the  reactions 
mentioned  in  the  text-books,  the  residue,  after  treatment  on 
charcoal,  being  infusible,  strongly  magnetic,  and  furthermore, 
giving  the  characteristic  reaction  for  cobalt  with  fluxes.  Solu- 
ble in  nitric  acid,  giving  a  pink  solution. 

Of  the  analyses  given  below,  I  was  made  upon  clusters  of 

l6llingite  trillings,  free,  so  far  as  could  be  determined  by  the 

loupe,  from  attached  or  penetrating  blades  or  prisms  of  the 

other  two  minends  described.     As  a  check,  a  small  quantity  of 

the  single  crystals  and  trillings  was  picked  out  with  the  utmost 

care  under  the  microscope  and  subjected  to  partial  analysis  (II), 

no  trace  of  foreign  adherent  matter  being  visible.     The  specific 

gravity  of  the  material  used  for  the  first  analysis  was  7*335  at 

14 J°  C.     Correcting  for  one-half  per  cent  of  siliceous  gangue  of 

assumed  specific  gravity,  2*65,  the  true  specific  gravity  of  the 

mineral  becomes  7*400. 

I.  II. 

As 71*18  

S 0-56  

Hi. 008  .... 

Cu 0*39  

Fe 22-96  22*69 

Co 4-37  4-20 

Ni 0-21  0*19 

99-75 
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The  first  of  these  analyses  leads  closely  to  the  formula  Fe 
(CoNi)As(S)„  while  II  shows  beyond  a  doubt  that  both  cobalt 
and  nickel  are  constituents  of  the  Idllingite  and  not  derived 
from  attached  crystals  of  either  of  the  other  minerals.  The 
presence  of  cobalt  recalls  the  glaucopyrite  of  Sandberger, 
though  the  antimony  found  in  that  mineral  is  here  wanting. 
The  peculiar  comb-like  excrescences  described  by  him,  indicat- 
ing rhombic  twinning  by  interpenetration,  may  be  analogous 
in  some  degree  to  the  twinned  structure  of  the  present  mineral. 

Some  varieties  of  rhombic  CoAs,,  all  of  which,  according  to 
Leroy  W.  McCay,*  should  be  united  under  the  name  safflorite, 
present  features  remarkably  like  some  of  those  herein  de- 
scribed, notably  as  regards  the  tendency  to  form  twins  of  inter- 
penetration  ;  and  from  the  presence  of  cobalt  it  might  be  sus- 
pected that  this  mineral  was  rather  to  be  considered  assaflflorite 
than  lollingite.  Its  exceedingly  high  percentage  of  iron  and 
high  specific  gravity,  as  well  as  the  occurrence  of  amacrodome 
instead  of  the  brachydome  mentioned  by  Sandberger  as  pecu- 
liar to  the  rhombic  CoAs,  render  necessary,  however,  its  classi- 
fication with  lollingite. 

COSALITE. 

In  the  collection  of  the  Colorado  Scientific  Society,  are  a  few 
specimens  of  a  mineral  from  the  Comstock  mine,  near  Parrott 
City,  La  Plata  County,  Colorado,  presented  b^  Mr.  R.  C.  Hills, 
according  to  whom  it  occurs  in  a  quartz  vem  associated  with 
pyrite,  sphalerite,  a  telluride  of  unknown  composition,  though 
probably  sylvanite,  and  native  gold.     In  the  specimens  exam- 
ined it  appears  in  irregular  masses  of  small  size,  rarely  an  inch 
in  length,  never  equally  thick,  and   generally  muclJ  smaller, 
without  cleavage  or  recognizable  crystalline  structure,  except 
for  an  occasional   faint  indication  of  fibrous  texture  on  frac- 
tured surface.     The  fracture  is  irregular,  color  grayish-white, 
but    pale   3^ellow  on   exposed  surfaces;    hardness  about  3*5; 
specific  gravity  undetermined. 

The  outer  zone  of  the  small  bodies  spoken  of  is  found  oq 
close  examination  to  be  a  mixture  of  two  or  more  minerals, 
among  which  minute  grains  of  pyrite  were  alone  recognizable. 
Suificient  material  was  however  obtained  for  analysis,  free 
from  all  impurity,  except  a  little  pyrite  and  1*29  per  cent  of 
insoluble  gangue.  This  atforded  the  following  ^reactions:  io 
closed  tube,  sublimate  of  sulphur;  in  open  tube,  formation  of 
sulphur  dioxide  ;  on  charcoal  fusible,  giving  reactions  for  leiid, 
bismuth,  silver  and  copper;  soluble  in  chlorhydric  and  nitric 
acids,  in  the  former  with  precipitation  of  silver  chloride.  The 
analysis,  after  deduction  of  the  gangue,  gave  these  results: 

*  Inauj^ural  Dissertation,  Freiberg,  1883. 
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Bi 42-97 

Ag 8-43 

Cu 7-50 

Pb 22-49 

Fe 0-70 

Zn trace 

S 17-11 


99-20 


Allowing  for  the  iron  and  a  proportionate  amount  of  sulphur 
as  pyrite,  the  atomic  ratio  dedpced  from  the  above  is : 

R        :        Bi,        :        S 

202      :         1-00        :      4-98 

showing  the  general  formula  for  the  mineral  to  be  2RS+Bi^„ 
wherein  R  represents  Pb  and  the  double  atoms  Ag,  and  On,. 
The  ratio  of  Ag,+Cu,  :  Pb  is  1 :  1-11. 

Although  copper  was  absent  and  but  2*65  per  cent  of  silver 
present  in  the  mineral  originally  described  by  Genth  as  cosalite, 
It  does  not  appear  advisable  in  the  absence  of  any  data  as  to 
the  crystallographic  form  to  consider  this  a  distinct  species,  but 
to  class  it,  as  has  been  done  with  bjelkite,  under  cosalite. 

A   PROBABLY   NEW   MINERAL. 

A  portion  of  the  ore  from  the  Missouri  mine,  Hall's  Valley, 
Park  County,  Colorado,  is  composed  largely  of  a  sulpho-bis- 
muthite  of  copper  and  silver.  It  occurs  in  a  quartz  gangue  asso- 
ciated with  chalcopyrite  and  wolframite,  and  although  the  latter 
is  only  visible  on  close  examination,  it  comprises  from  one  to 
two  per  cent  of  the  whole,  as  found  by  special  tests. 

A  considerable  quantity  was  extractea  by  chemical  and  me- 
<;hanical  means,  free  from  all  foreign  matter,  except  a  little 
attached  quartz,  and  was  proven  to  be  wolframite  by  qualitative 
chemical  tests  and  by  a  determination  of  the  specific  gravity. 

The  mass  of  the  sulpho-bismuthite  appears  throughout  the 
quartz  as  a  dark  bluish  gray  substance  without  distinct  forms 
of  crystallization.  In  numerous  cavities  appear  small  slender 
crystals,  generally  bronzed  by  oxidation  and  so  deeply  striated 
as  sometimes  to  present  the  appearance  under  the  loupe  of 
bunches  of  needlea  Occasionally  they  seem  to  be  joined  to- 
gether laterally,  forming  thin  corrugated  plates.  Owing  to  this 
deep  striation  no  crystal  faces  can  be  detected  either  on  the  sides 
or  the  free  terminations.  The  habit  is  strikingly  like  that  of 
bismuthinite,  for  which  the  crystals  were,  indeed,  at  first  taken. 

After  several  days'  labor,  enough  material  was  removed  from 
4he  cavities  for  the  determination  of  the  metals.     It  could  not, 
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however,  be  freed  altocrether  from  quartz  and  chalcopyrite. 
The  specific  gravity  at  17°  C.  was  5'76.  Making  correction  for 
443  per  cent  of  quartz  arid  6  98  per  cent  of  chalcopyrite  of 
assumed  specific  gravities  2*65  and  4*2,  this  becomes  6*31.  The 
analysis  appears  under  I  below. 

The  more  compact  material,  excluding  as  far  as  possible,  the 
needles,  gave,  alter  deducting  59*75  per  cent  of  gangue,  the 
results  under  11. 

Ill  is  the  analysis  of  a  mineral  presented  by  Mr.  William 
McCree  as  coming  probably  from  the  Missouri  mine.  In  ap- 
pearance it  differs  in  no  respect  from  the  compact  material 
already  described,  except  that  no  chalcopyrite  is  distinctly 
visible  in  the  small  specimens  at  my  disposal  and  the  quartz 
grains  are  less  firmly  cemented  together.  It  contains,  however, 
some  lead  which  is  entirely  war.ting  in  the  other  specimens 
analyzed,  although  the  general  formula  is  the  same,  hence  I  am 
led  to  believe  that  it  came  from  some  other  portion  of  the 
workings  or  from  an  adjacent  mine  where  ore  like  that  from  the 
Missouri  mine  is  reported  to  occur.  The  specific  gravity  was 
3*869  at  15°  C,  which  becomes  6*680  on  making  correction  for 
47*57  per  cent  of  gangue  of  ascertained  specific  gravity,  2*643. 

The  most  marked  blowpipe  reactions  fori,  II  and  III  were 
entirely  similar,  a  sublimate  of  sulphur  appearing  in  the  closed 
tube,  sulphur  dioxide  escaping  in  the  open  tube  and  the  fused 
fragment  or  powder  on  charcoal  affording  the  bismuth  rejictions 
with  great  intensity.  All  were  soluble  in  nitric  and  chlorhy- 
dric  acids,  in  the  latter  with  precipitation  of  silver  chloride. 


I. 

I. 

III. 

Hi 

60-80 

63-42 

62*51 

Ag 

0*89 

4-09 

9-89 

Cu 

15-96 

12-65 

6-68 

PI) 

2-74 

Fe 

2-13 

0-59 

010 

Zn 

0-10 

0-07 

0-07 

S 

19-94* 

18-83* 

17-90 

90-82  99*65  99-89 


After  subtracting  from  I,  6*1>7  percent;  from  II,  1-91  per 
cent,  and  from  HI,  0*38  })er  cent  of  chalcopyrite  with  the  pro- 
portions of  sphalerite  represented  by  the  zinc,  the  atomic  ratios 
become : 


R 

:         Bi, 

S 

I 

3-00 

:        3-91 

14-75 

II 

3-(»0 

:         3-99        : 

14-98 

III 

3-00 

:        4-06        : 

*  Calculated. 
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where  R  repesents  Pb  and  the  double  atoms  Ag,  and  Cu,.  In 
each  case  the  ratio  is  nearly  3:4:  15,  which  leads  to  the  gen- 
eral formula  3RS+4Bi,S,. 

It  seems  probable  that  the  needle-like' crystals  are  a  pure 
sulpho-bismuthite  of  copper  and  that,  in  the  more  compact  por- 
tions, silver  replaces  a  portion  of  the  copper  and  in  some  cases 
a  further  re{)lacement  of  copper  by  lead  takes  place. 

This  ore  from  the  Missouri  mine  is  auriferous.  The  material 
used  for  analysis  II,  gangue  and  sulphide  together,  assayed 
1*85  ozs.  gold  to  the  ton.  Mr.  Richard  Pearce,  of  the  Boston 
and  Colorado  Smelting  Works  assures  me  that  it  is  frequently 
much  richer,  running  as  high  as  40  ozs.  to  the  ton. 

Before  conferring  a  name  upon  this  mineral  or  even  definitely 
claiming  it  is  a  new  species,  I  purpose  investigating  more  fully 
the  similar  ores  which  are  said  to  occur  in  other  mines  in  the 
neighborhood  of  the  Missouri  mine.  As  this  further  investi- 
gation will,  of  necessity,  be  postponed  for  some  time,  the  re-' 
suits  already  arrived  at  are  now  put  on  record. 

HUBNERITE. 

In  the  collection  of  the  Colorado  Scientific  Society  are  speci- 
mens of  hiibnerite  from  the  Royal  Albert  vein,  Uncompahgre 
District,  Ouray  County,  Colorado,  presented  by  Mr.  R.  C.  Hills, 
The  mineral  occurs  in  long  flattened  crystals  vertically  stri- 
ated, imbedded  in  quartz,  but  none   sufficiently  well  formed 
for    measurement  could    be    extracted,  in  fact,  definite   faces 
are  rarely  visible,  though  two  prisms  and  the  orthopinacoid 
have   been   observed.     The  luster  is  subvitreous   to   resinoug 
and  the  color  brownish-black  to  pale  yellow  in  very  thin  crys- 
tals.    In  transmitted    light  the   color   is   ruby-red   to   yellow 
slightly  tinged  with  green  when  the  thickness  is  not  too  great. 
Extinction   takes   place  parallel  to  the  vertical  axis  in  a  plate 
parallel  to  the  orthopinacoid  and  at  an  angle  of  19**  to  20°  to  the 
«ame  axis  in  a  cleavage  section    parallel  to  the  clinopinacoid, 
as  observed  by  DesCloizeaux    for  wolframite.     In  the  plates 
parallel   to  the  orthopinacoid  a  tendency  to  cleave   at  right 
angles  to  the'  clinopinacoid  and  also  at  angles  approximating 
61    and  68°  to  the  same  face  was  observed.    The  specific  gravity 
a.t  24°  C.  is  7'177  and  the  composition  as  follows : 

SiO, 0-62 

Nb.O^? 005 

WO, 75-68 

MnO 23-40 

FeO 0-24 

CaO 013 

10002 
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which  agrees  very  closely  with  that  required  by  theory  for  the 
•formula  MnWO^. 

This  mineral  is  also  found  in  a  mine  near  Phillipsburg,  Mod- 
tana  Territory,  according  to  Mr.  Richard  Pearce.  The  speci- 
mens in  the  collection  of  the  Colorado  Scientific  Society  show 
large  flattened  crystals  of  imperfect  form  in  quartz.  Mr.  A.  H. 
Low,  Chemist  at  the  Boston  and  Colorado  Smelting  Works, 
has  analyzed  the  mineral  approximatel}'  and  found — 

WO, 74-82 

MnO 2500 

FeO 0-06 

99-88 


Art.  XLII.  —  Notes  on  American   Earthquakes:  No.  18;  by 
Professor  C.  G.  RoCKWOOD,  Jr.,  Ph.D.,  Princeton,  N.  J. 

This  article,  the  thirteenth  in  the  series,  embodies  such 
notices  as  have  come  to  the  knowledge  of  the  writer  in  regard  ^ 
to  the  earthquakes  which  occurred  in  North  and  South ' 
America  and  the  adjacent  islands,  during  the  year  1883.  The 
information  has  been  derived  from  the  current  newspapers; 
from  the  Monthly  Review  of  the  U.  S.  Signal  Service;  and 
from  Professor  F.  E.  Nipher,  Director  of  the  Missouri  Weather 
Service;  Charles  Carpmael,  Superintendent  of  the  Canadian 
MeiCDrological  Service;  and  J.  M.  Batchelder  of  Cambridge, 
Masi?. 

Items  which  are  regarded  as  doubtful  are,  as  heretofore, 
printed  in  smaller  type;  and  in  many  cases  the  source  of  the 
infonnation  is  indicated.  Also,  to  avoid  the  danger  of  con- 
founding a.  m.  and  /;.  m.  dates,  the  system  of  numbering  the 
hours  of  the  civil  day  from  one  to  twenty-four  has  been  adopted. 

1883. 

Jan.  1.— At  2*^  58">  and  8*'  28*"  two  earthquake  shocks  at  Addi- 
son, M(\ —  (/.  S.  Weath.  Rev. 

A  shock  in  other  parts  of  Maine  and  Nova  Scotia  about  22**  on 
the  previous  day  was  noticed  in  the  last  report  (this  Journal,  ixv, 

p.  300). 

Jan.  (). — JSotwcen  '1^  and  3*'  a  nliock  was  reported  to  have  been  felt  io  northern 
Ohio. — N.   y.  Tinica. 

Jan.  0. — At  .'J''  a  sliock  from  east  to  west  at  Huntingdon, Ont.— 
CaiKidiuH  M(ft(:orol.  jStrv. 

Jan.  11. — Between  1''  and  2''  a  decided  shock  was  felt  along 
the  Mississippi  Jiiver,  from  St.  Louis,  Mo.,  to  Memphis,  Tenn. 
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It  was  reported  from  uumerous  places  as  far  east  of  the  river  as 
Shelbyville  in  central  Illinois,  Shawneetown  on  the  Ohio  River, 
and  Clarksville  and  Nashville,  Tenn.,  and  from  places  in  south- 
eastern Missouri ;  but  does  not  seem  to  have  been  felt  west  of  a 
line  joining  St.  Louis  and  Memphis,  unless  a  doubtful  report  from 
Protem,  Taney  county,  in  southwestern  Missouri,  of  a  slight 
shock  at  about  12**  of  the  10th  is  to  be  referred  to  the  same, 
which  does  not  seem  probable.  The  most  careful  statement  of 
time  was  from  St.  Louis,  where  the  report  was :  **  Four  distinct 
shocks,  beginning  at  1**  1 1™  30",  each  shock  followed  by  tremors 
lasting  five  to  ten  seconds,  direction  S.E.  to  N.VV.,  no  sound, 
•entire  time  50  to  CO  seconds."  At  other  places  the  time  was 
given  all  the  way  from  1^  to  2*^,  with  a  preference  for  1:16  or 
1 :  20.  In  most  of  the  reports  no  mention  is  made  of  more  than 
one  shock ;  but  at  Memphis  three  were  noted,  and  at  Cape  Girar- 
deau, Mo.,  two;  while  at  Anna,  111.,  a  slight  shock  had  been 
noticed  at  14^  25"*  of  the  10th.  The  severity  of  the  movement 
was  greater  than  in  either  of  the  two  earthquakes  which  in  the 
September  and  October  previous  had  affected  this  region.  Build- 
ings were  rocked,  chandeliers  caused  to  swing,  engine  bells  Vung, 
etc.  The  greatest  motion  was  reported  from  Cairo,  111.,  and 
vicinity,  which  also  is  about  the  middle  of  the  area  shaken. 

Jan.  11. — At  19**  34™  a  strong  earthquake  shock  was  felt  at 
Iquique,  Pisagua,  Dolores,  Posa  Almonte,  La  Noria  and  Huanil- 
los,  all  in  southern  Peru.  The  motion  lasted  about  30  seconds, 
and  a  lighter  shock  followed  a  few  minutes  afterward. 

Jan.  23. — At  5^  a  slight  earthquake  at  Los  Angeles,  Cal.,  vibra- 
tion from  north  to  south.  Two  distinct  shocks  were  felt,  separated 
l)y  an  interval  of  about  two  seconds. —  U,  S,  Weath,  Rev. 

Jan.  23. — At  23**  40"*  a  sharp  shock  at  San  Francisco,  Cal.  and 
vicinity. —  U.  S,  Weath,  Rev. 

Feb.  4. — At  5**  a  distinct  shock  was  felt  at  Bloomington,  111. 
and  at  various  places  in  northern  Indiana  and  southern  Afichigan. 
At  the  former  place  a  prolonged  rumbling  was  heard,  followed 
by  the  shock.  At  St.  Louis,  Mo.,  this  shock  was  noticed  by 
several  observers,  as  **  two  sharp  sounds  about  four  seconds 
apart,"  which  were  not  at  first  attributed  to  subterranean  causes, 
nntil  it  was  found  that  they  had  been  heard  by  many  persons. 

Feb.  4. — At  15**  5"*  a  slight  shock  was  felt  at  Wolfborough^ 
N.  H.,  followed  ten  minutes  later  by  a  second  shock  which  was 
also  reported  at  Cornish,  Me.,  at  15^  16"*. 

Feb.  5. — At  10**  37°*  a  sharp  shock  was  felt  at  Panama  and  in 
adjacent  parts  of  the  Isthmus.  The  Central  and  South  American 
Company's  submarine  cable  was  somewhat  injured. 

Feb.  6. — At  16**  30"*  a  slight  earthquake  at  San  Diego,  CaL, 
-direction  of  movement  from  north  to  south. —  Ui  S.  Weath.  Rev, 

Feb.  27. — At  about  22**  20"*  what  appeared  to  be  a  double 
^hock  of  earthquake,  accompanied   by  loud  noises,  was  felt  in 
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southeastern  Conneoticut,  southern  Rhode  Island  and  adjacent 
parts  of  Massachusetts,  and  was  so  reported  by  many  newspapers. 
It  appears,  however,  that  a  brilliant  meteor  passed  over  the 
country,  at  a  low  elevation,  at  the  same  time,  and  an  investiga- 
tion of  the  occurrence  by  Prof.  H.  A.  Newton  of  Yale  College, 
renders  it  probable  that  all  the  phenomena  of  vibration  and  noise 
were  due  to  the  explosion  of  this  meteor  and  not  to  an  earthquake. 

Feb.  28. — '*  A  stronfi^  earthquaKe  shock  was  felt  at  Monte  Christo,  proTince  of 
Manobi,  Ecuador.  The  earth  trembled  for  several  seconds,  but  no  damage  was 
done." — Newark  {N.  J.)  Daily  Advertiser. 

Mar.  5. — A  shock  at  Tarbo,  State  of  Cauca  (TJ.  S.  of  Colombia), 
extending  to  Carthagena  on  the  Atlantic. 

Mar.  7. — At  23**  23"  a  slight  shock  at  Andes,  Chili. 

Mar.  8.— At  Ib^  10°*  a  slight  shock  at  Copiapo,  Chili. 

Mar.  8. — At  18^  an  earthquake  was  felt  on  the  Isthmus  of 
Panama  and  widely  through  adjacent  portions  of  the  States  of 
Colombia.  At  Carthagena  and  Turbu  at  the  mouth  of  the 
Atrato  it  was  sharp  but  not  dangerous.  In  the  State  of  Antioquia 
it  was  more  severe ;  and  in  the  towns  of  Antioquia,  Santa  Rosa, 
Yarumal  and  others,  the  cathedrals  and  other  buildings  were 
injured. 

This  and  the  three  preceding  notices  are  from  Panama  letters 
in  the  N.  Y.  Times. 

Mar.  11.— At  10**  57™  and  11^  7"*  two  distinct  shocks  felt  at 
Waterloo,  St.  Johns,  and  Cowansville,  Quebec. 

Mar.  11. — At  18**  67"*  a  slight  shock  with  rumbling,  was  felt  in 
parts  of  Harford  and  Baltimore  Counties,  Maryland ;  sufficiently 
strong  to  rattle  dishes  and  alarm  many  people.  A  second  shock 
was  reported  to  have  occurred  between  midnight  and  1**  of  the  12tL 

Mar.  23. — At  21*'  25'"  a  slight  shock  at  Huntingdon,  Quebec— 
CaJiadiaii  Meteorol,  Serv, 

Mar.  27. — At  20''  35"*  a  slight  shock  at  Iquique,  Peru,  preceded 
by  rumbling  noise. — A^.  Y,  Times. 

Mar.  30.— At  7*'  48"*,  7^  52"*  and  8^  15"*  light  shocks  were  felt 
at  San  Francisco,  Cal.  and  southward.  At  Watsonville,  Santi 
Cruz  County,  nine  shocks  were  felt;  at  HoUister,  San  Benito 
County,  plate  glass  windows  were  broken,  and  brick  walls 
cracked. 

April  1. — At  1^  a  smart  shock  at  Hamilton,  Ont. — Canadian 
MeteoroL  Serv, 

April  2. — At  8^  50"*  two  light  shocks,  north  to  south,  at  San 
Francisco,  Cal. —  U.  S.  Weath.  Rev, 

April  12.— At  2''  36"*  a  shock  was  felt  at  Cairo,  111.,  lasting 
thirty  seconds,  vibration  S.S.W.  to  N.N.E. 

April  . — Newspaper  acivices  from  Panama  late  in  June,  contain  vague  reports 
of  seismic  phenomena  in  the  valley  of  the  Atrato,  States  of  Colombia,  occurrisg 
during  the  last  of  April,  by  whicli  Rio  Sucio,  forty  miles  from  the  Atlantic  m 
Turbo,  on  the  Gulf  of  Uraba,  suffered  injury;  but  reliable  details  of  the  pbeDomeDA 
have  not  come  to  hand. 
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May  1. — 10**  and  May  4. — 14**  30"*,  earthquakes  are  reported  to 
bave  occurred  in  connection  with  an  eruption  of  the  volcano 
Ometepe,  on  the  island  of  the  same  name,  in  Lake  Nicaragua. 
News  of  the  occurrence  first  reached  the  New  York  papers,  via 
Panama,  on  July  4,  in  a  vague  and  probably  exaggerated  form. 
Although  the  fact  of  some  eruption  there  seems  to  be  confirmed 
by  later  advices,  no  reliable  details  are  known. 

May  4. — At  11**  46™  a  slight  shock  at  Helena,  Montana,  from 
east  to  west 

May  10. — During  the  night  of  the  lOth-llth  a  shock  from 
north  to  south  was  felt  in  Victoria,  British  Columbia. 

May  19. — A  severe  earthquake  occurred  in  Ecuador,  creating 
alarm  in  Quito  and  still  more  in  Latacunga,  fifty-five  miles  south 
of  Quito,  where  a  number  of  houses  were  overthrown.  The 
neighboring  villages  also  suffered  very  severely.  An  officer 
stationed  in  the  village  of  Toacaso  reported  the  first  shock  at 
17**  30*°,  a  second  and  more  destructive  one  between  23**  and  24**, 
and  during  that  night  sixteen  shocks ;  while  occasional  shocks 
occarred  during  the  succeeding  days.  An  eruption  of  Cotopaxi 
was  in  progress  at  the  time. 

May  21. — "At  7  a.  m.  a  slight  earthquake  was  felt  at  Mompos, 
on  the  river  Magdalena,  in  the  State  of  Bolivar ;  which  was  fol-. 
lowed  by  a  sharper  one  at  2  a.  m.  on  the  22d,  on  which  day 
shocks  were  also  felt  at  San  Salvador  and  Guayaquil." — N,  x. 
Herald. 

May  22. — At  23**  30°*  two  distinct  shocks  were  felt  at  Catletts- 
burg,  Ky. 

May  28. — At  21**  65°*  two  earthquakes  occurred  in  Valparaiso, 
Chili,  in  rapid  succession. 

Jane  3. — At  daylight  a  strong  and  somewhat  prolonged  earth- 
qiiake  was  experienced  in  Callao,  Peru,  but  did  no  damage.  At 
1**  30°*  the  same  day,  a  much  slighter  movement  was  felt  in  Lima. 

Jane  10. — ^At  9**  a  shock  lasting  six  seconds  at  Martinique, 
West  Indies. — J.  M,  B. 


-  June  19. — A  new  volcanic  outbreak,  accompanied  by  earth  tremors,  is  reported 
'te  hftve  occarred  in  the  island  of  Ometepo  in  Lake  Nicaragua. 

June  21  and  23. — Several  earthquake  shocks  were  experienced 
at  Andes,  Chili;  and  at  2**  55°*  of  the  23d  a  sharp  shock  was  felt 
at  Valparaiso. 

July  1. — At  3**  a  slight  shock  at  Carson  City,  Nevada. —  XT.  8. 
Weaih.  JRev. 

July  6. — At  11**  15°*  a  light  shock  at  Cairo,  Dl,  lasting  five 
seconds. 

July  7. — At  10**  50°*  a  light  earthquake  at  Los  Angeles,  Cal., 
direction  not  determined. —  u.  S,  Weath.  Rev, 

Jaly  7  and  9. — At  midnight  on  the  7th  and  at  2**  on  the  9th, 
sharp  shocks  were  felt  in  San  Salvador. — N,  Y,  Times, 
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July  14. — At  1**  30"  a  light  shock,  lasting  eight  seconds,  at 
Cairo,  III.,  reported  also  at  Wickliffe,  Ballard  Co.,  Ky. 

July  20. — At  16*^  48"^  a  severe  shock  was  felt  at  Panama, 
direction  west  and  east. — N,  Y.  Times. 

July  30. — Two  shocks,  with  rumbling  sound,  were  reported  at  Gibt)T,  CaL; 
hour  not  stated. — K  T.  Times. 

Aug.  . — Surgeon  Main,  at  Brownsville,  Texas,  in  a  report  to 
the  Surgeon  General  of  the  Marine  Hospital  Service,  says :  "Early 
in  August  there  was  an  earthquake  shock  at  Pachuca,  Mexico, 
causing  twenty  deaths  and  the  destruction  of  twenty  houses." 

Aug.  4. — At  11''  and  12''  50"  light  shocks,  east  to  west,  at 
Oakland,  Cal—  U.  S,  Weath.  Bev. 

Aug.  19.— At  2''  55"  three  slight  shocks  at  Carson  City,  Nev. 
—  U,  /S.  Weath,  Bev, 

Aug.  27. — Prof.  Geo.  Davidson  of  San  Francisco,  reported  to 
the  U.  S.  Coast  Survey,  that  at  l'*  earthquake  waves  commenoed 
to  be  recorded  on  the  Saucelito  tide  gauge  and  continued  to  be 
observed  during  the  28th  ;  height  of  waves  one  foot,  time  between 
crests  about  forty  minutes.  These  waves  were  at  first  referred  to 
the  great  explosion  of  Krakatoa  in  the  Straits  of  Sunda,  which 
took  place  on  the  same  day  about  six  or  seven  hours,  actual  time, 
before  the  time  here  stated.  While  this  is  possible,  is  it  not 
more  probable  that  they  were  due  to  some  or  the  seismic  phe- 
nomena vaguely  reported  as  having  occurred  in  the  Aleutian 
Islands  ?  (c.  f.  (5ct.  6,  this  article). 

Aug.  28. — At  Talcahuano,  Chili,  earthquake  waves  were  re- 
ported, commencing  just  before  noon  and  continuing  the  rest  of 
the  day.  These  were  very  likely  to  be  referred  to  the  Krakatoa 
explosion  on  Aug.  27th. 

Aug.  28. — At  22''  a  sharp  shock  was  felt  at  St.  Thomas,  West 
Indies. — N',  Y,  Times, 

Aug.  29. — At  20'^  a  strong  shock  of  earthquake  lasting  about 
fifteen  seconds  was  felt  at  Guayaquil.     At  the  same  time  there  ' 
were  rej)0rts  of  shocks  felt  in  Salvador,  Colombia  and  Ecuador, 
but  no  details  are  known  to  the  writer. 

Aug.  .30. — Two  shocks  at  St.  Thomas,  W.  I.,  almost  simultan- 
eous ;  the  first  light,  the  second  severe. — N.  Y,  Times. 

Sept.  1. — At  8''  25'"  a  light  shock  at  Los  Angeles,  Cal.,  vibra- 
tion north  to  south,  followed  by  a  second  shock  after  four 
seconds. —  U.  S,  Weath,  Bev. 

Sei)t.  5. — x\t  4*^  80™,  shocks  were  felt  at  Los  Angeles,  Santa 
Barbara  (4*^  15"')  and  Wilmington,  Cal.,  the  vibrations  wereN.E. 
to  8.W.  and  were  sufficient  "  to  cause  chandeliers  to  sway  with 
considerable  motion." 

Sept.  G. — At  23''  prolonged  shocks  were  felt  at  Lima,  Peru.— 
U,  aS'.  Weath,  Bev. 
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Sept.  10. — At  4*^  10"*  a  strong  shock  at  Lima,  Peru,  duration 
15  seconds,  direction  S.  to  N. 

Sept.  13. — Panama  advices  of  Oct.  28  say  that  a  strong  earth- 
quake and  rumbling  noises  occurred  at  jUucuta,  Santander,  on 
this  date,  and  that  on  the  previous  day  a  movement  had  been 
felt  at  Santa  Rosa,  Manizales  and  Medellin. — xV".  Y.  Times, 

Sept.  13. — At  14^  30™  a  shock,  lasting  five  seconds,  at  Santa 
Barbara,  CaL —  U,  S.  Weath.  Rev. 

Sept.  21. — At  6**  45™  a  heavy  rumbling  noise  followed  by  an 
earthquake  shock,  occurred  at  Greensborough,  Guilford  Co.,  N. 
C—  U,  S,  Weath.  Rev. 

Sept.  28.— About  midnight  two  slight  shocks  were  felt  at  Portland,  Oregon. — 
N.  T.  Times. 

Oct.  6. — About  8^  occurred  a  heavy  explosion  at  Mount  St. 
Augustin,  on  the  coast  of  Alaska,  by  which  the  mountain  peak 
was  split  in  two  and  a  series  of  earthquake  waves  started  in  the 
neighboring  seas.  It  was  followed  by  a  period  of  volcanic  activ- 
ity lasting  for  some  weeks.  For  further  details  the  reader  is  re- 
ferred to  an  article  by  Professor  Geo.  Davidson  of  the  U.  S. 
Coast  Survey,  in  Science,  vol.  iii,  p.  186. 

It  may  be  added  that  there  have  been  reports  of  volcanic 
activity  at  other  points  in  the  peninsula  of  Alaska,  and  in  the 
chain  of  Aleutian  Islands,  notably  at  Bogoslov  near  Unalashkg, 
during  the  summer  and  fall,  but  authentic  details  are  not  yet  at 
hand.  See  articles  by  W.  H.  Dall,  Science,  iii,  89,  and  Geo. 
Davidsot),  Science,  iii,  282. 

Oct.  9-10.— At  23^  S""  of  the  9th,  two  light  shocks,  of  about 
two  seconds  duration,  were  felt  at  San  Francisco  and  vicinity. 
At  1**  2"  of  the  10th,  a  much  more  severe  shock  followed.  It 
was  felt  somewhat  widely  through  the  surrounding  country  and 
was  most  severe  on  the  bay  of  San  Francisco,  opposite  that  city, 
bat  only  slight  damage  was  done.  At  Oakland  loud  and  pro- 
longed rumbling  noises  accompanied  the  shock.  The  direction  of 
"vibration  was  north  and  south. 

Oct.  13-14. — On  these  dates  the  tide-guage  at  Colon,  Isthmus 
of  Panama,  indicated  abnormal  movements  of  the  sea,  which 
^were  referred  to  earthquakes  at  Santander  and  Guayaquil ;  but 
no  other  account  of  earthquakes  at  these  places  on  those  dates 
lias  reached  the  writer.  The  tide-guage  of  the  island  of  Naos 
on  the  Pacific  showed  nothing  abnormal.  * 

Oct.  16. — An  earthquake  "at  night"  at  Point  des  Monts,  on 
the  Gulf  of  St.  Lawrence. —  Canadian  Meteor ol.  Serv. 

Oct.  16.— At  3*^  15™  a  slight  shock  at  Cape  Mendocino,  Cal.— 
U.  S.  Weath.  Rev. 

Oct  17.— At  3^  30"  a  shock  at  Contoocook,  N.  H.— J.  M.  B. 

Oct.  20. — About  13^  15'°  a  sharp  shock  was  felt  throughout  the 
island  of  Bermuda,  but  no  damage  was  done.  The  oscillation 
continued  ten  seconds,  the  direction  being  from  west  to  east. 
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Oct.  24. — At  16^  14™  a  severe  shock,  continuing  about  fifteen 
seconds,  occurred  at  Cape  Mendocino,  Cal.,  direction  from  S.S.  W. 
to  N.N.E.— £/:  S,  Weath,  Rev, 

Oct.  30. — "  In  the  morning  "  two  light  shocks  at  Oakland,  Cal., 
from  north  to  south. —  U,  S,  Weath,  Rev, 

Nov.  4. — A  shock  at  Cove  Creek,  Utah. — ^V.  F.  Tribune. 

Nov.  5.-.-A  strong  earthquake  "  at  night "  at  Point  des  Monts 
on  the  Gulf  of  St.  LaWrence. —  Canadian  Meteorol,  Serv, 

Nov.  11.— At  18^  15'"  a  slight  shock  at  Poway,  San  Diego  Co., 
Cal.—  IT.  S.  Weath,  Rev. 

Nov.  13.  — Panama  advices  of  Nov.  I7th  say:  "  Slight  earthquake  shocks  were 
felt  on  the  Isthmus  on  the  13th  inst.,  and  a  week  earlier  other  shocks  occurred" 
— Netoa/rk  {N.  J.)  Daily  Advertiser, 

Nov.  22.— At  11*^  two  shocks  at  ^oint  des  Monts,  Gulf  of  St. 
Lawrence. —  Canadian  Meteorol,  Serv, 

Dec.  5. — At  9*"  20™  shocks  occurred  at  Melbourne,  Izard  Co., 
and  Rovenden  Springs,  Ark.,  accompanied  by  a  loud  noise. 

Dec.  12. — At  23*^  40""  a  sliglit  shock  occurred  at  Los  Angeles, 
Cal.,  and  on  the  13th  another. —  U,  S,  Weath,  Rev, 

Dec.  16  ? — At  15''  a  slight  shock  at  Poway,  San  Difego  Co.,CaL 
—  U,  8.  Weath,  Rev, 

Dec.  22. — At  20^  an  earthquake  at  Point  des  Monts,  Gulf  of  St 
Lawrence. —  Canadian  Meteorol,  Serv, 

The  foregoing  notes  include  seventy-eight  notices,  of  which 
nine  are  in  small  type.  They  are  distributed  by  localities  as 
follows  : 

Canada 8 

New  Kngland 3 

Atlantic  States 2 

Mississippi  Valley 11 

Tacitic  Coast 23 

Mexico 1 

West  Indies 4 

Central  America,  Colombia.  Venezuela,  Ecuador 14 

Peru  and  Chili '. 10 

Notc«ouuted  (Feb.  27,  .Tune  19) 2 


8 


The  following  may  be  selected  as  the  more  important  earth- 
quakes of  thoj^e  above  noted:  Jan.  11,  Cairo,  111.  ;  Mar.  8,  Pan- 
ama ;  May  10,  Ecuador;  Aug.  — ,  Mexico;  Oct.  C,  Alaska.  The 
great  majority  of  the  shocks  were  very  moderate  and  caused 
little  or  no  damage. 

Princeton,  N.  J.,  Mar.  26,  1884. 
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Art.  XLIIL — Thermom^r  Exposure;  by  H.  A.  Hazen. 

[Read  before  the  Philosophical  Society,  Washington,  D.  0.,  October  13,  1883.] 

The  subject  of  thermometer  exposure  may  be  discussed  under 
two  general  divisions.  The  first  of  these  relates  to  the  locality 
in  any  large  region  where  the  thermometer  shall  be  exposed,  in 
order  that  it  may  give  the  true  air  temperature  of  the  locality. 

The  second  relates  to  the  immediate  environment  of  the 
thermometer  which  shall  fulfill  the  same  requirement. 

Under  the  first  of  these  divisions :  height  above  ground ; 
proximity  of  trees  or  houses ;  freedom  of  access  of  air ;  absence 
of  local  heat  effects;  character  of  ground,  etc.,  are  all  import- 
ant. A  great  diversity  of  opinion  relative  to  many  of  these 
points  exists,  but  it  may  be  said  that  a  good  height  above 
ground  and  no  interruption  of  the  wind  seem  essential.  If  a 
thermometer  is  too  near  the  earth's  surface  it  will  be  affected 
unduly  by  dampness  and  fog  which  has  a  tendency  to  settle  at 
A  low  level,  and  moreover,  unless  exposed  on  the  summit  of  a 
hill,  there  will  be  danger  of  an  interruption  to  the  wind,  so 
that  in  hot,  nearly  calm  weather  the  air  will  become  stagnant, 
thus  vitiating  the  result  we  seek.  For  example,  mean  monthly 
temperatures  from  a  maximum  thermometer  4^  feet  above 
ground  in  New  Haven,  Conn.,  were  from  four  to  five  degrees 
higher  during  the  summer  months,  than  from  a  maximum 
thermometer,  having  free  access  of  the  wind,  on  a  roof  111 
feet  above  the  ground,  and  about  500  feet  from  the  first 
thermometer. 

Careful  experiments  upon  an  open  scaffolding  at  heights  up  to 
80  feet  have  been  made  under  the  direction  of  Professor  Wild, 
of  St.  Petersburg.  Little  difference  was  found  in  the  warmer 
months  in  the  air  temperature  of  different  heights.  In  general 
also  the  relative  humidity  was  higher  near  the  ground  with  a 
few  notable  exceptions,  for  example,  the  following  table  ex- 
hibits the  mean  relative  humidity  for  four  months*  observa- 
tions. 

Rdative  humidity  at  various  heights. 


MoDtb. 

1*9  Meters. 

15-9  Meters 

26-8  Meters, 

June,  1873, 

63-3JJ 

590^ 

701jt 

July, 

62-2 

620 

60-7 

June,  1874, 

67-6 

66-8 

66-7 

July, 

721 

71-4 

76-2 

It  seems  impossible  to  explain  these  peculiar  results  which 
<lo  not  folftw  any  law  with  respect  to  height ;  on  the  whole, 
however,  the  humidity  has  a  tendency  to  increase  with  ap- 
proach to  the  earth's  surface. 
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In  order  to  show  the  importance  of  obtaining  a  proper 
locality  for  exposing  a  thermometer,  table  I  is  given  which 
shows  temperature  and  humidity  at  various  places  in  Wash- 
ington, D.  U.  (These  and  many  other  experiments  have  been 
tried  and  introduced  in  this  paper  since  its  original  presenta- 
tion to  the  Philosophical  Society). 


Table    I. 

Date. 

Time. 

Lociility. 

Dry. 

Wet. 

K.  H. 

Dtot.fr'mBoof. 

1883. 

1 

Nov.  17, 

6.46  P.  M. 

Roof. 

36- 1 

29-5 

1   41 

6.60     » 

Roof. 

1    36-7 

29-5 

44 

6.55     " 

Roof. 

35-6 

292 

42 

7.41     " 

Pa.  av.  and  17  th  st. 

35-0 

28-3 

39 

i  block. 

Pa.  av.  and  16|  st. 

33-1 

27-5 

45 

i     " 

7.55     " 

1  and  1  Jth  st. 

340 

27-6 

40 

H  blocka. 

K  and  1 5th  st. 

33-9 

27-5 

39 

41     " 

M  and  15th  st. 

329 

27-3 

45 

^  " 

R.  Island  av.  and  15th  st 

30  3 

25-9 

53 

U    " 

P  and  1 5th  st. 

30-5 

26-1 

53 

9        *' 

8.14     *' 

Q  and  15ih  st. 

29-9 

25-6 

54 

10 

Corcoran  and  15th  st. 

29-5 

26-4 

57 

11 

=  liiDile. 

Nov.  19, 

6,45  p.  M. 

Roof. 

482 

410 

48 

7.00     '• 

Roof. 

48-1 

410 

49 

7.15     " 

On  ifround. 

44-5 

38-5 

53 

Pa.  av.  nnd  16^  St. 

42-6 

37-3 

56 

H  and  Irtlh  st. 

42-3 

37-3 

58 

7.30     " 

Laud  1 6th  st. 

39-9 

35-9 

64 

0  and  Kith  st. 

38-8 

351 

66 

Corcornu  »tnd  16th  st. 

383 

349 

68 

8.00     •• 

R  and  16th  st. 

3ti-9 

340 

71 

Corcoran  and  15th  st. 

37-8 

34-7 

71 

Nov.  20. 

G.30  A.  M. 

Corcoran  and  16t]i  st. 

31  4 

30  3 

88 

P  and  ir.th  st. 

31-9 

30-4 

84 

M  and  IGth  st. 

32-0 

30-4 

83 

11  and  16th  st. 

:u-9 

30-3 

83 

Pa.  av.  and  17lh  st. 

331 

31-3 

82 

7.03     " 

Roof. 

3  5  0 

32-8 

70 

7.08     '• 

Roof. 

36-3 

331 

09 

On  November  19  there  is  a  remarkable  difference  of  over 
11°  between  the  extreme  stations  with  a  corresponding  differ- 
ence of  23  per  cent  in  the  relative  humidity.  The  results  are 
not  strictly  comparable  owing  to  the  difference  in  time  between 
the  observations,  yt^t  as  the  temperature  w^as  changing  but 
slowly  this  consideration  can  have  little  weight.  Experiments 
are  still  under  way  relative  to  this  matter. 

Taking  up  now  the  second  division  of  the  subject,  if e  find  that 
the  necessity  of  an  urn  form  and  satisfactory  shelter  or  screen 
for  thermometers  has  long  been  recognized.     The  international 
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meteorological  council,  at  the  Berne  meeting,  while  not  recorn- 
mending  any  particular  form  of  shelter,  yet  urged  the  desira- 
bility of  more  extended  experiment.  Thermometers  suspen- 
ded in  free  air,  in  the  shade  of  a  dwelling  or  wall  during  the 
day^  will  give  an  approximate  daily  local  temperature  though 
generally  too  low  both  day  and  night.  If,  however,  it  be 
desired  to  critically  study  the  past  records,  or  what  is  more 
important  to  compare  observations,  whether  mean  or  daily,  at 
different  stations  it  will  manifestly  be  necessary  to  eliminate 
from  them  all  effects  of  improper  exposure. 

It  may  be  argued  that  the  most  important  consideration  is 
that  of  uniformity  and  that  constant  errors  may  be  neglected^ 
provided  they  are  the  same  in  all  the  exposures.  If,  however^ 
varying  atmospheric  conditions  diminish  or  intensify  constant 
sources  of  error,  it  is  wise  to  avoid  these  as  much  as  possible. 
The  essential  point  to  be  regarded  is  that  a  shelter  shall  at 
any  and  all  times  give  an  air  temperature  influenced  as  little 
as  possible  by  harmful  causes. 

To  accomplish  this  the  following  conditions  must  be  realized 
if  possible.  1st  There  should  be  a  perfect  access  of  the  air^ 
whose  temperature  we  wish  lo  ascertain,  to  the  thermometer^ 
It  will  be  seen  that  under  all  circumstances  this  is  necessary 
for  even  if,  as  is  frequently  done,  an  artificial  means  of  ventila- 
tion is  employed,  yet  if  the  shelter  affects  in  any  way  the  air 
temperature  or  prevents  the  free  circulation  of  air,  it  must  to  a 
certain  extent  vitiate  the  result  obtained  from  the  air  propelled 
to  or  stirred  about  the  thermometer. 

2d.  The  shelter  should  shield,  from  all  reflected  heat,  from 
direct  radiation  from  the  sun  by  day,  to  the  sky  by  night,  and 
from  radiation  from  surrounding  objects. 

3d.  No  moisture  should  reach  the  thermometer. 
The  questions  to  be  answered  by  experiment  then,  are, 
'which  if  any  of  these  conditions  may  be  neglected,  and  what 
is  the  best  form  of  shelter  for  accomplishing  the  desired  result 
The  forms  of  shelters  adopted  by  different  countries  have 
been  exceedingly  diverse.  That  of  the  French,  the  "  Renou  " 
stand,  consisting  of  a  nearly  horizontal  platform  under  which 
the  thermometers  are  exposed  at  6^  feet  above  sod,  very  nearly 
fulfills  the  first  condition  above.  The  east  and  west  side 
pieces  however,  employed  for  screening  from  the  morning  and 
afternoon  sun,  would  seem  to  check  very  light  winds  on  those 
sides,  and  there  does  not  seem  to  be  sufficient  provision  against 
soil  or  sod  radiation.  A  shelter  similar  in  plan  to  this  has  been 
adopted  as  a  standard  in  Melbourne,  Australia.  This  shed  has 
144  square  feet  of  horizontal  surface,  two  roofs,  of  galvanized 
iron,  nine  inches  apart,  the  ridge  of  the  outer  roof  eight  feet 
above  ground,  the  thermometers  suspended  in  a  wire  cage  one 
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foot  below  the  inner  roof.  On  the  east  and  west  are  louvres  to 
shield  it  from  the  rising  and  setting  sun.  In  calm  weather  it 
would  seem  as  though  this  shed  would  give  too  muoh  shade. 

In  England,  the  Glaisher  stand  has  been  largely  used.  This 
<;onsi3ts  of  an  upright  frame  which  is  rotated  with  the  sun's 
motion  so  as  to  keep  one  side,  on  which  the  thermometers  are 
placed  at  about  four  feet  above  sod,  continuously  in  the  shade 
of  the  frama  Professor  Wild  has  shown  that  this  stand  may 
give  four  or  five  degrees  too  high  temperature  by  day  from  sod 
radiation,  and  at  night  the  same  number  of  degrees  too  low  by 
radiation  to  the  sky  and  from  surrounding  objects.  The 
Stevenson  shelter  is  also  in  great  favor  in  England,  and  con- 
sists of  a  cubical  screen,  of  double  louvres,  18''  long  and  high 
and  10''  wide.  This  is  placed  at  a  height  of  4'  above  sod. 
Professor  Mohn,  of  Christiania,  has  shown  that  in  the  sun  this 
shelter  gives  too  high  values.  It  is  undoubtedly  too  smull  and 
close  to  give  good  results.  A  shelter  similar  to  the  above  has 
been  devised  by  Rev.  F.  W.  Stow,  of  England.  (Quart.  Jour. 
Met.  Soc,  vol.  viii,  p.  234.)  This  is  somewhat  larger  than  Ste- 
venson's and  has  metallic  louvres  instead  of  wooden.  It  has 
the  advantage  of  great  ease  in  construction  and  of  good  ven- 
tilation. 

In  Spain  a  double  metallic  shelter  has  been  used.  This  has 
an  inside  louvre  box  14x14x17  inches,  between  the  inside 
and  outside  louvres  there  is  a  free  air  space  and  connected  with 
this  there  is  a  common  vane  ventilator.  In  Russia,  Professor 
Wild  has  constructed  a  novel  form  of  shelter  which  has  attrac- 
ted much  attention.  This  consists  of  a  large  cubical  frame  of 
wood,  having  the  south  side  and  roof  double  boarded  (the  free 
air  space  between  these  boards  is  connected  throughout),  the 
east  and  west  sides  of  single  louvres  and  the  north  side  entirely 
open.  There  is  no  bottom  but  upon  a  cross-piece  inside  is 
placed  a  metallic  screen  of  four  quarter  cylinders  upon  a  cen- 
tral spindle,  with  the  top  and  bottom  cone-shaped.  These 
cones  have  their  elements  parallel,  thus  causing  more  or  less 
draft.  The  two  opposite,  outside  quarter  cylinders  are  rotated 
upon  the  spindle  so  as  to  expose  to  view  the  thermometers. 
The  latter  are  at  a  height  of  11  feet  above  sod.  This  form  of 
shelter  is  open  to  the  objection  that  it  prevents  a  free  access  of 
air,  the  double  boarded  south  side  cutting  oflF  all  south  wind  is 
especially  unsatisfactory  in  this  regard. 

It  is  of  the  utmost  importance  that  there  should  be  a  stand- 
ard of  comparison  in  all  experiments,  and  this  we  have  in  the 
swung  thermometer,  called  by  the  French  thermometer  fronde, 
which  is  a  common  thermometer  attached  to  a  string  or  wire, 
and  rapidly  swung  through  a  circumferance  whose  radius  is 
the  length  of  the  string.     After  experimenting  some  time  a 
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form  of  dry  and  wet  bulb  "  fronde "  was  devised,  which  has 
been  in  constant  use  since  and  has  given  good  satisfaction. 
The  thermometers  were  lashed  together,  the  stem  of  one  two 
inches  longer  than  the  other,  in  such  a  manner  as  to  bring  the 
wet  bulb  about  two  inches  below  the  dry.  This  permits  of  im- 
mersing the  wet  bulb  without  wetting  the  dry.  A  few  swings 
only  are  needed  in  making  an  observation,  it  is  swung  perhaps 
forty  or  fifty  times,  then  read,  swung  again  and  read,  etc.,  it 
seldom  requires  more  than  three  attempts  except  in  very  cold 
weather,  0°  and  below.  This  **  fronde''  is  especially  com- 
mended for  experiments  upon  temperature  and  hygrometric 
conditions  at  any  place  where  it  is  proposed  to  establish  a  me- 
teorological station. 

The  theory  of  this  thermometer  is  that  since  it  is  rapidly 
brought  in  contact  with  a  large  mass  of  air  it  must  give  its  tem- 

Eerature  unless  the  results  are  vitiated  by  other  causes.  It  has 
een  objected,  for  example,  that  friction  with  the  air  will  tend 
to  raise  the  temperature,  and  that  the  centrifugal  force  will  on 
the  contrary  tend  to  depress  the  mercury  column.  Repeated 
-experiments  at  low  and  high  velocities  (3  and  18  miles  per 
hour),  have  invariably  given  the  same  results,  showing  tliat  these 
causes  do  not  produce  harmful  effects  at  any  velocities  possible 
by  hand.  This  standard  has  been  compared  by  Professor 
Wild  with  his  shelter  just  described,  and  he  concludes  that 
during  the  day  it  shows  about  0'7°  too  high  a  temperature, 
while  at  night  it  gives  the  same  amount  too  low.  It  may  be 
regarded  as  an  open  question  whether  this  does  not  show  that 
the  ilifiiculty  was  in  the  shelter  rather  than  in  the  so-called 
standard.  In  order  to  make  comparisons  with  any  thermome- 
ter by  day,  it  is  ess»^ntial  to  determine  the  effect  of  the  sun  or 
to  shield  from  it.  One  of  the  difficulties  met  with  in  the  use 
of  '* fronde"  has  been  its  extreme  sensitiveness  to  the  slightest 
air  current,  requiring  several  trials  at  each  observation  the 
mean  of  these  giving  the  temperature  sought.  To  determine 
the  effect  of  direct  sun  heat,  trials  were  made  in  the  shadows 
of  high  isolated  trees  and  in  the  shade  of  Washington  monu- 
ment, when  the  air  was  still  or  had  very  little  motion,  with  the 
result  that  at  midday  with  a  clear  sky,  in  the  summer  time,  the 
temperature  given  by  "  fronde "  may  be  "7  to  1*0  degree 
higher  in  the  sun  than  in  the  shade.  It  cannot  be  considered 
however,  that  such  a  shade  temperature  as  was  used  represents 
the  exact  air  temperature,  but  it  was  nearly  correct,  perhaps  the 
true  value  of  the  air  temperature  was  somewhat  nigher,  and 
that  the  effect  of  the  sun  heat  is  a  little  less  than  0'7°. 

Since  a  thermometer  exposed  to  the  clear  sky  reads  at  times 
one  degree  lower  than  if  sheltered,  we  might  conclude  that  the 
^*  fronde ''  will  be  liable  to  the  same  effect  unless  entirely  over- 
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come  by  its  rapid  motion  through  a  large  body  of  air.  Obser- 
vations on  clear  nights  in  September  and  October  have  shown 
the  "  fronde"  sometimes  '2  or  '3  degrees  higher  and  some- 
times the  same  amount  lower  than  a  thermometer  from  which 
all  radiation  was  cut  off.  Experiments  are  still  needed  in  sum- 
mer and  in  different  situations  to  fully  settle  the  question,  but 
it  seems  probable  that  the  **  fronde,"  if  shielded  from  direct 
sun  heat  auring  the  day,  will  give  at  all  times  the  most  accu- 
rate temperature  that  can  be  obUiined. 

The  lollowing  brief  description  of  some  of  the  previous 
experiments  in  this  field,  will  serve  as  an  introduction  to  subse- 
quent work.  Possibly  the  most  complete  results  hitherto  pub- 
lished are  those  from  observations  taken,  under  the  auspices  of 
the  English  Eoyal  Society,  upon  a  large  open  field  at  Strath- 
field  Turgiss.  The  observations  were  taken  at  9  A.  M.,  3  p.  M., 
and  i^  P.  M.,  from  November,  '68  to  April,  70  inclusive,  January, 
70  only  being  omitted.  The  stands  tested  consisted  of  eight 
forms  ranging  between  the  open  stand  like  Glaisher's  and  the 
closed  like  Stevenson's.  As  a  result  of  these  tests  it  was  deci- 
ded that  the  Stevenson  was  least  faulty,  though  it  was  not 
claimed  that  even  this  was  all  that  could  be  desired,  and  espe- 
cially as  regards  hygrometric  observations. 

Another  series  of  tests  has  been  published  in  a  Quarterly 
Eeport  for  1880.  These  consisted  in  readings  at  Kew,  at  9  a. 
M.  and  P.  M.,  from  June  79  till  November  *81,  of  thermome- 
ters in  a  Stevenson  stand  4' 4"  above  sod  and  in  a  Wild's 
shelter  near  the  former  but  12'  above  sod.  The  published 
cut  of  the  photograph  of  the  outside  wooden  structure  of  the 
latter,  however,  shows  louvre  work  on  the  south  side  and  indi- 
cates that  Professor  Wild's  idea  was  not  fully  carried  out.  The 
result  would  have  been  somewhat  different  if  the  south  side  of 
the  Wild  shelter  had  been  closed.  The  means  showed  nearlr 
identical  temperature  in  the  two  shelters,  the  Wild  reading  'I® 
lower.     The  mean  of  the  maximum  was  '8°  higher  and  of  the 

minimum  '6°  lower  in  the  Wild.     The  monthlv  mean  relative 

•J 

humidity  ranged  from  one  to  two  per  cent  lower  in  Wild's. 
Comparing  individual  differences  between  the  two  the  highest 
that  WiM's  read  above  the  other  was  1*9°  while  the  lowest  was 
3*5°  (it  would  be  a  matter  of  much  interest  if  the  atmospheric 
conditions  giving  such  large  diflerences  between  two  shelters  so 
near  each  other  could  be  studied).  These  comparisons  would 
seem  to  show  a  lack  of  ventilation  in  the  Wild  shelter  as  that 
was  so  much  higher  than  the  other  that  the  wind  should  have 
had  freer  access  to  it.  xYlso  a  mere  agreement  between  the 
two  cannot  be  regarded  as  proving  the  accuracy  of  either,  but 
since  there  are  manifest  defects  in  the  Stevenson  we  may  con- 
clude that  neither  is  satisfactory.     Comparisons  are  also  given 
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between  the  SteveDSon  shelter  and  the  Kew  thermograph 
records  which  show  the  latter  49°  higher  at  9  A.  M.  artd  -82° 
lower  at  9  P.  M.  Possibly  these  differences  may  be  due  in  part 
to  a  freer  exposure  of  the  thermograph  to  the  air. 

In  entering  upon  a  series  of  experiments  it  was  deemed  best 
to  construct  a  so-called  Pattern  shelter,  whose  main  points 
should  be  good  size  and  a  free  access  of  air  to  the  interior. 
This  shelter  is  4xiBx3  feet  with  single  louvre  work  on  all 
sides  three  inches  wide  and  inclined  at  an  angle  of  30°  to  the 
horizontal.  The  roof  is  double  and  the  bottom  close.  The  north 
side  is  a  door  which  can  be  removed.  By  the  kindness  of  Mr. 
Clark,  opportunity  was  granted  for  conducting  the  experiments 
upon  the  roof  of  one  of  his  buildings  in  a  thickly  settled  part 
oi  Washington.  This  roof  is  about  60  feet  above  ground,  and 
is  free  to  air  currents  save  from  the  southeast.  There  were 
three  shelters  employed.  A  **Stow"  about  12  feet  above  the 
Toof  and  two  **  Patterns"  at  heights  of  12  and  16  feet.  At  first 
the  door  of  the  lower  "  Pattern  "  was  removed  and  a  W  ild 
metallic  screen  inserted,  after  several  weeks*  comparison  this 
screen  with  its  thermometers  was  placed  in  the  upper  **  Pattern," 
its  door  having  been  removed. 

The  following  plans  and  precautions  were  taken  to  determine 
the  adaptability  of  these  shelters,  and  to  check  the  thermome-  * 
ters : 

1st.  The  relative  air  circulation  in  the  interiors  has  been 
obtained  by  comparison  between  dry  and  wet  bulb  thermome- 
ters and  the  effect  of  thorough  ventilation  has  been  learned  by 
<5omparing  the  wet  bulb  in  the  shelter  with  the  "fronde." 

2d.  The  relative  amount  of  reflective  heat  entering  the  shel- 
ter has  been  ascertained  by  using  a  black  bulb  thermometer,  i.  e. 
an  ordinary  thermometer  with  its  bulb  coated  with  lampblack. 

3d.  The  readings  of  the  three  thermometers  in  each  shelter 
were  checked  by  using  similar  traveling  thermometers  which 
were  placed  in  each  shelter  in  succession,  and  numerous  com- 
parisons made. 

4th.  The  thermometers  used  had  cylindrical  bulbs,  with  the 
exception  of  two  in  *'  Stow,"  and  have  been  twice  carefully  com- 
parea  with  a  standard,  once  at  temperature  6°  below  zero.  All 
readings  have  been  corrected  for  instrumental  error. 

6th.  All  the  observations  have  been  made  by  one  person, 
and  it  has  been  the  practice  to  read  forward  and  back,  at  nearly 
all  times,  in  order  to  eliminate  as  much  as  possible  effects  of 
changes  in  temperature  between  the  first  and  last  observation. 

6th.  In  making  comparisons  it  has  been  deemed  best  usually 
to  make  a  continuous  series  of  readings  for  an  hour  or  more,  as 
a  single  reading  a  few  times  each  day  will  hardly  give  what  we 
wish  except  for  the  mean ;  while  continuous  observation,  under 
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known  conditions  which  are  slowly  changing,  will  enable  us'to 
follow  effects  due  to  gradually  rising  or  falling  temperature, 
the  increase  or  decrease  of  wind  velocity,  the  shifting  of  the 
wind,  slowly  changing  humidity,  etc. 

The  following  are  a  few  of  the  results  collected  from  the 
observations  since  September  1,  1883. 

To  determine  the  least  size  of  a  shelter  necessary  to  over- 
come the  efiPects  of  heat  from  the  sides,  there  were  arranged 
from  east  to  west  in  the  uf>per  "Pattern,"  nine  thermometers  at 
equal  distances.  Observations  were  made  in  the  early  morn- 
ing and  in  the  afternoon.  Under  the  most  favorable  conditions 
the  inside  of  a  shelter  farther  from  thei  sun  will  undoubtedly 
give  a  slightly  too  low  temperature  in  the  morning  owing  to 
the  fact  that  it  is  farther  from  the  sun,  but  this  effect  will  be 
exceedingly  slight,  and  in  fact  will  be  entirely  overcome  if 
there  is  any  breeze.  Oftentimes  with  a  still  air  and  hot  sun  on 
one  side  of  the  shelter,  if  a  slight  breeze  happened  to  spring 
up  on  that  side  the  temperature  would  be  brought  even  lower 
than  on  the  opposite  side ;  in  fact  so  much  difficulty  was 
encountered  from  such  gusts  that  it  was  found  necessary  after 
a  while  to  fasten  a  test  tube  to  each  thermometer  to  shield  it 

Table  II  shows  the  results  of  these  observations. 

Considering  the  difficulty  of  comparing  thermometers  hung 
side  by  side  in  free  air,  the  accordance  of  these  results  is  very 
satisfactory.  In  the  morning  there  is  a  mean  difference  of  1*8^ 
between  the  east  and  west  sides ;  a  fall  of  '55°  or  nearly  \  the 
whole  amount,  in  the  fij'st  9  inches,  and  one  of  1*2'^  or  |  in 
the  first  18  inches.  In  the  afternoon  there  is  a  fall  of  1*5^ 
from  west  to  east,  in  the  first  9  inches  it  was  about  \  the  whole 
fall  and  in  the  first  18  inches  it  was  nearly  -J,  i.  e.  in  September 
a  thermometer  at  9  inches  from  the  side  of  a  shelter  would 
indicate  in  calm  sunny  weather  a  temperature  uniformly  about 
1*2°  too  high.  Experiments  are  still  needed  in  midsummer, 
with  larger  shelters,  with  double  louvres,  with  metallic  louvres 
and  with  traveling  thermometers.  We  may  conclude  that  a 
single  louvred  shelter  exposed  directly  to  the  sun's  rays  should 
have  the  clear  inside  length  not  less  than  36  inches. 

Table  III  shows  observations  in  the  three  shelters  "Stow** 
(A),  ''  Russian  "  (B)  and  "Pattern  "  (C);  there  are  also  added 
results  from  dry  and  black  traveling  thermometers  and  from  a 
thermometer  exposed  on  the  outside  of  *'  Pattern." 

Column  1  gives  the  mean  time  of  each  set  or  of  five  succes- 
sive observations,  the  next  five  columns  give,  the  dry  and  wet 
thermometers,  the  relative  humidity  from  these,  the  black 
thermometer  and  the  difference  between  this  and  the  dry,  in 
(A) ;  the  next  five  give  the  same  values  for  (B) ;  the  next  five 
for  (C);  the  next  tliree  give  the  dry  and  black  and  their  dif- 
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rence  ns  determined  from  traveling  thermometers  placed  a^c- 
ssively  in  (B)and  (C);  the  last  column  gives  iho  temperature 
om  a  free  thermometer. 

Comparing  these,  we  see  from  columns  (7)  (10),  (12)  (16),  and 
7)  (18)  that  observations  of  dry  and  black  in  (B)  and  (C)  are 
rectly  comparahle.  We  find  the  black  in  (B)  more  than  "5° 
wer  than  in  (C),  though  (0)  shows  the  dry  at  the  same  time 
ore  than  1*0°  lower  than  (B).  This  would  seem  to  indicate 
lat  the  free  black  bulb  thermometer  cannot  aid  in  delermin- 
g  the  true  air  temperature  in  a  ehelter,  and  also  that,  if  a  free 
rculalion  of  air  is  provitied  for,  the  eS'ect  of  reflected  heat 
ay  be  neglected.  We  also  find  thai  (C)  gives  a  relative 
imidity  '2  per  cent  in  one  group  and  21  per  cent  in  the  other 
wer  than  (C),  while  (A)  agrees  well  with  C. 
Table  IV  gives  a  comparison  of  all  observations  of  dry  and 
et  thermometers  from  SepL  20  to  OoL  11,  and  from  Cict.  81 

Nov.  7  ;  between  these  two  sets  the  "  Russian  "  screen  was 
It  in  the  upper  "  Pattern." 

I'able  IV. —  Comparative  obterVfUiont  in  {itow  A,  Ruetian  S 
and  PaUern  C  sAelters, 
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Id  the  first  series  we  find  "  Pattern  "  giriDg  a  mean  temperK- 
ture  '4°  lower  than  "Russian"  with  a  mean  relative  hnmiditr 
•8  per  cent  lower.  In  the  second  series  we  find  ibe  "  Pattern" 
which  is  now  twelve  feet  alwve  roof  giving  '4°  higher  tempera- 
ture and  a  relative  butnidity  SO  per  cent  lower.  Taking  the 
mean  of  the  two  series  we  find  no  difference  in  the  temperature, 
while  the  "  Pattern  "  gives  n  relative  humidity  nearly  2*0  per 
cent  lower. 

The  lack  of  ventilation  in  the  Russian  may  be  best  shown 
by  taking  observations  of  the  wet  bulb  when  its  temperature  ii 
below  freezing.  As  shown  in  "  Science,"  June  8th,  1883,  it  ii 
under  these  conditions  that  ventilation  is  most  needed. 

Table  V  exhibits  individual  readings  of  dry  and  wet  thw- 
mometers.     Ist,  "fronde;"  2d|  "Russian;"  and  8d,  "Pattern," 

Tablk   V. —  Compariaon  of  dry  and  wet  ^^ fronde"  with 
Rustian  and  Pattern, 
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The  mean  results  in  Table  V  show  nearly  identical  air  tem- 
peratures by  the  three  methods,  but  a  relative  humidity  more 
ban  16  per  cent  too  high  for  "Russian  "  and  over  7  per  cent 
or  "Pattern." 

The  following  conclusions  are  advanced  : 

Ist,  Thermometer  shelters  when  exposed  to  direct  sun  heat 
hould  be  at  least  36'^  long. 

2d,  With  proper  precautions  the  thermometer  "  fronde " 
)oth  dry  and  wet  will  give  the  most  correct  air  temperature 
tnd  relative  humidity. 

8d,  The  interposition  of  a  second  louvre  seems  hardly  neces- 
airy ;  it  not  only  prevents  the  free  access  of  air,  but  also  if 
rentilation  is  used  it  must  affect  the  air  which  is  propelled  to 
he  thermometer. 

4th,  While  the  thermometers  in  a  single  louvred  shelter  may 
n  heavy  storms  be  wet,  yet  it  takes  but  a  moment  to  wipe  the 
)alb  dry,  besides  in  rainy  weather  both  dry  and  wet  indicate 
learly  the  same  temperature. 

6tb,  For  obtaining  even  approximate  relative  humidity  in 
aim  weather  single  louvred  shelters  are  necessary,  and  for  the 
)est  result  an  induced  air  current  is  essential  especially  in  the 
rinter  in  northern  countries. 

At  the  same  time  that  the  above  experiments  were  being 
arried  on,  another  series  of  observations  was  made  in  window 
belters.  These  have  shown,  as  is  well  known,  that  in  summer 
ae  temperature  is  slightly  too  low  by  day  and  too  high  by 
ight,  and  that  no  satisfactory  hygrometric  observations  can  be 
lade  without  artificial  ventilation.  As  manv  are  not  in  a 
ituation  to  use  any  but  a  window  shelter  the  following  sug- 
lestions  are  added  for  places  north  of  35°  lat  N. 

Ist,  There  should  be  a  free  air  space  of  6  to  12  inches  be- 
ween  the  shelter  on  the  north  side  of  the  building  and  the 
vail. 

2d,  The  simplest  form  of  8creen  would  be  four  pieces  of 
3oard  10  to  12  inches  square,  nailed  together  box  fashion, 
leaving  the  bottom  and  side  toward  the  window  open ;  the 
thermometers  dry  and  wet  should  be  placed  five  inches  apart 
near  the  center  of  this  screen,  with  their  bulbs  projecting  be- 
low the  plane  of  the  lower  edge.  In  the  summer  months, 
when  the  sun  shines  on  the  north  side,  the  window  blinds  can 
very  easily  be  brought  at  right  angles  to  the  wall  of  the  house 
and  fastened  there,  thus  shielding  from  the  sun.  As  to  a 
more  elaborate  arrangement  it  may  be  said  that  nothing  exten- 
wve  is  needed;  probably  a  shelter  made  after  the  "Stow" 
pattern,  as  just  aescribed,  thirty  inches  long,  eighteen  inches 
iride  and  twenty-four  inches  high  with  closed  bottom  would 
inswer  perfectly  in  latitudes  north  of  35°.     A  shield  with  half 
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shut  blinds  can  be  easily  arranged  as  mentioned  above,  the 
blinds  being  widened  if  necessary  to  cover  the  shelter  with 
their  shadow.  Experiments  are  still  being  carried  on  upon 
this  matter.  The  Chief  Signal  Officer  has  kindly  permitted 
the  publication  of  these  results  preparatory  to  a  piore  ex- 
haustive study. 


•  

Art.  XLIV. — Hillocks  of  Angular  Oravel  and  Disturbed  Strati' 

fication;  by  T.  C.  Chambeblin. 

Much  interest  has  been  awakened  in  recent  years  in  the  pe- 
culiar gravel  mounds  and  ridges — in  part  embraced  under  the 
terms  Kames,  Eskers  and  Osars — which  are  disposed  in  varying 
frequency  over  a  large  part  of  the  drift  areas  of  both  the  eastern 
and  western  continents.  Numerous  writers,  foreign  and  native, 
have  made  descriptive  and  theoretical  contributions  to  the  lite- 
rature of  the  subject.*     With   increased  attention  there  had 

*  Among  these  the  following  may  be  cited  as  having  more  or  lesn  immediate 
relevancy  to  the  present  topic:  Edw.  Hitchcock,  GeoT.  of  Masa.  1S4I,  Traiifl. 
Assoc.  Am.  Gml  and  Nat.,  1840-42,  Smith.  Cont.  ix,  1867;  W.  W.  Mather, 
Geol.  of  N.  Y.,  1st  Dist,  1842;  J.  Hall,  Geol.  of  N.  Y.,  4th  Dist,  184i;  L 
Yanuxem,  Geol.  of  N.  Y.,  3d  Dist.,  1842;  Ch.  Martins,  Bulletin  de  la  Sodae 
GtSolo^ique  de  France,  1845-6 ;  Robert  Chambers,  Tracings  in  the  North  of 
Europe,  1860,  also,  Edinburgh  New  Phil.  Journal,  1853,  liv,  229;  T.  F.  Jamieaon, 
On  tiie  VritX  and  Rolled  Gravels  of  the  North  of  Scotland,  Quar.  Journal  Ged. 
Soc,  1860,  x\i,  p.  :i47,  also,  ibid,  1865,  xxi,  p.  161,  also  ibid,  1874.  p.  329;  C, 
11.  Hitchcock,  Agri.  and  Geol.  of  Maine.  1861,  pp.  271-274.  1862,  pp  388-391; 
Geol.  of  Now  Hampshire,  Hi,  1878  ;  G.  H.  Kiuahan,  On  the  Eskers  of  the  Central 
Plain  of  Ireland,  Jour,  Geol.  Soc.  Dublin,  1863,  x,  p.  109,  also  Dublin  Quar.  Jour. 
Sci.,  1864,  iv,  p.  109,  and  Geol.  Mag.,  1875,  p.  86;  C.  Whittlesey,  Fresh  Water 
(ilacial  Drift  of  the  North  Western  States,  Smith.  Conlrib's,  1866;  L  Agasaz, 
Glacial  riionomena  in  Maine,  Geol.  Sl^etches,  1876,  p.  101  (originally  in  AUaniic 
Monthly,  xix,  Feb.,  1867);  A.  Erdinann,  Kxpos^  des  formations  quateroaires <le 
la  SuMe,  1868;  X.  H.  Winchell,  Surface  Geol.  of  Northwestern  Ohio,  Proc  Am 
Asjjoc,  1872,  xxi,  p.  65,  ahso  Geol.  Reports  of  Minn,  and  Ohio;  D.  HumnieL  Om 
Rullstensbilduingar;  K.  Svenska,  Vet.  Akad.  Handlingar,  1874:  James  Geikie, 
The  Great  Ice  Age,  1874,  np.  201-237,  Riv.  Ed.,  1876,  Kames,  pp.  210-225, 
Eskers,  395-6,  Asar,  407-109;  J.  S.  Newberry,  Geol.  Survey  of  Ohio,  vol  ii, 
1874,  p.  41,  vol.  iii,  1878,  p.  40 ;  N.  0.  Hoist,  Om  de  (ilaciala  rullstensaarae, 
Stockholm,  Geol.  foron.  Forh,  1876-77,  lii,  97;  T.  C.  Ghamberlin,  Trans.  Wii 
Acad.  Sci.,  iv,  1876-77,  p.  201,  Geol.  of  Wis.,  ii,  1877,  p.  207,  Gomptes  Rendni, 
Congr^s  International  de  Geologic,  Paris,  1878.  p.  254;  Warren  Upham,  ODtbe 
Origin  of  Kames  or  Eskers  in  New  Hampshire,  Proc.  Am.  Assoc.,  1876,  Modified 
Drift,  Geol.  of  New  Hamp-^hire,  vol.  iii,  1878;  G.  F.  Wnght,  Some  Remarkable 
(travel  Ridges  in  the  Merrimac  Valley,  Proc.  Boston  Soc.  Nat.  History,  I87M, 
xix,  47,  also.  The  Kames  and  Moraines  of  New  England,  Ibid.,  1879-80,  xx.  210; 
A.  S.  Packard,  (Tlacial  Marks  on  the  Pacific  and  Atlantic  coasts  oompared,  Am. 
Nat.,  1877,  xi,  674;  K  Orton,  Geol.  Surv.  of  Ohio,  vol.  iii,  1878,  p.  646;  A  C 
Lindmuth,  Geol  Surv.  of  Ohio,  vol.  iii,  1878,  p.  503 ;  W.  J.  McGee,  On  the  Con- 
plete  Series  of  Superflcial  Geol.  Formations  of  Northeastern  Iowa,  Am.  Abboo, 
1878;  G.  H.  Stone,  Kames  of  Maine,  Proc.  Am.  Assoc,  1880;  M.  N.  Elrod,  6eoL 
and  Nat.  Hist  of  Indiana,  1881.  p  154;  J.  D.  Dana,  On  the  relations  of  U)e  so- 
called  "  Kanics  "  of  the  Connecticut  River  Valley  to  the  Terraoe  formation.  Am. 
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been  progress  in  analytical  delineation,  classification  and  no- 
menclature.  That  there  is  still  abundant  room  for  amplifica- 
tion in  these  regards  is  broadly  manifest 

As  a  minor  contribution  to  the  subject  it  is  the  object  of  this 
paper  to  direct  attention  to  a  class  of  hillocks  whose  character- 
istics have  some  significance. 

By  way  of  approach  to  their  taxonomic  relations,  we  may 
set  aside  the  entire  classes  of  gravel  bills  and  ridges  that  are 
formed  by  degradational  processes — the  chief  agency  of  which  is 
erosive  sculpture — not  because  they  are  unimportant,  but  be- 
cause they  are  widely  distinct  in  real  character  from  those  to 
be  here  considered,  as  will  appear  from  their  description. 

From  the  constructive  classes  we  may  also  eliminate  those 
which  are  formed  by  littoral  and  subaqueous  agencies,  whether 
the^e  are  waves,  currents  or  floating  ice,  since  they  are  distin- 
guished by  characters  of  their  own,  and  may  usually  be  satis- 
hctorily  discriminated  from  the  class  in  question.  We  may 
also  disregard  those  which  are  obviously  caused  by  violent 
9aviatile  currents  in  the  eddies  and  angles  of  river  troughs, 
i^hen  their  relationship  to  the  valley  drift  and  topographical 
mvironment  clearly  indicate  their  origin.  If  we  also  set  aside 
ome  less  frequent  classes  of  other  possible  origins  and  limit 
>ar  attention  to  those  gravel  heapings  whose  position,  constitu- 
ion  and  distribution  point  to  an  origin  springing  from  the  mu- 
aal  relations  of  glaciers  and  glacial  waters,  we  must  still  dis- 
inguish  between  two  somewhat  broad  classes.  (1.)  The  first 
iredominantly  take  the  form  of  linear  ridges  which  lie  essen- 
ially  parallel  to  the  course  of  drift  movement,  notable  exam 
>le8  of  which  are  the  osars  of  Sweden  and  Maine.  (2.)  The 
lecond  class  more  commonly  assume  the  form  of  mounds — 
Mtber  clustered  or  dispersed — and  when  disposed  in  chains  or 
Dehs,  which  is  their  predominant  habit,  they  lie  transverse  to 
the  lines  of  glacial  movement. 

If  we  correlate  these  two  classes  somewhat  more  widely  with 
glacial  phenomena,  the  first  falls  into  association  (a)  with  the 
linear  axi-radiant  drift  hills  so  prevalent  in  many  regions  (of 
which  the  "drums,"  "drumlins,"  "lenticular,"  or  "elliptical 
hills"  of  New  Hampshire,  Massachusetts,  New  York  and  Wis- 
consin are  special  shapely  examples),  (J)  with  the  longitudinal 
crevasses  of  the  glaciers,  and  (c)  with  super^lacial  and,  to  a 
measurable  extent,  sub-glacial  drainage. 

The  second  class  drop  into  comparison  (a)  with  terminal  and 

Joar.  Sci.,  vol.  xxii,  Dec,  1881  ;  N.  S.  Shaler,  Illustrations  of  the  Earth's  Surface, 
(rlaciers,  1881,  p.  66,  On  the  Orificin  of  Karnes,  Boston  Soc.  Nat.  Hist.,  1884,  Feb. 
6  (iiDpublished  and  contents  unknown  to  the  writer) ;  A.  (reikie.  Text-book  of 
Gl€ology,  p.  892;  L.  C.  Wooster,  Knmes  near  Iiansing,  Mich.,  Science,  1884,  Jan. 
»;  Robert  Bell,  Report  of  Progress  Geol.  Surv.  of  Canada,  1880-81-82,  C.  vi,  p.  9. 
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recessioDal  moraiDes,  and  all  forms.  o|  peripheral  ridging,  (fr) 
with  transverse  crevasses,  and  (c)  with  marginal  drainage.  By 
marginal  drainage  I  mean  either  that  whien  was  intimately  as- 
sociated with  the  ice-margin,  or  was  essentially  limited  in  its 
action  as  a  genetic  agency  to  the  periphery  of  the  glacier.  The 
waters  may  have  had  their  ulterior  origin  back  from  the  mar- 
gin, either  upon  or  beneath  the  ice,  and,  of  course,  they  flowed 
away  from  it  to  the  sea,  but  their  efficiency  in  constructing 
gravel  hills  was  essentially  peripheral. 

If  correlated  with  rock  topography,  it  may  be  observed  as  a 
broad  and  somewhat  loose  generalization  that  the  first  class 
usually  conform,  with  measurable  divergences,  to  the  general 
rock  slopes,  while  the  second  are  disposed  in  much  negligence 
of  associated  rock  contours,  and  often  stand  in  seeming  inde- 
pendence if  not  antagonism  to  them.  If,  however,  the  study  of 
their  relationships  be  carried  into  detail,  the  subjacent  topo- 
graphy will  be  found  more  or  less  influential  in  determining 
the  special  disposition  of  both  classes,  but  it  will  lead  aside 
from  the  present  purpose  to  pursue  this  phase  of  the  subject 

Those  of  the  second  class  are  the  almost  constant  associates 
of  the  terminal  moraines  of  this  continent,  and  are,  like  them, 
disposed  variously,  but  not  altogether  indifferently,  over  sum- 
mits, slopes  and  valleys.  It  is  several  years  since  I  called  at- 
tention to  the  habitual  association  of  gravelly  accumulations 
with  the  Kettle  moraine  of  Wisconsin,  and  its  correlatives  in 
the  interior  States.*  These  vary  in  form  and  structure  through 
a  somewhat  wide  amplitude,  and  as  stniciural  classes  are  not 
limited  to  association  with  well  defined  marginal  moraines, 
though  themselves  indirectly  peripheral  glacial  phenomena. 
It  is  only  to  a  subclass  of  this  order  that  attention  is  heredi- 
rected.  They  became  subjects  of  special  interest  in  tracing  the 
margin  of  the  later  drift  across  the  plain  tracts  between  the 
hilly  regions  of  Wisconsin  and  those  of  eastern  Ohio,  over 
which  reliefs  are  relatively  feeble,  and  therefore  compel  the 
more  critical  attention.  Illustrative  examples  will  be  chosen 
from  that  region.  They  are  not,  however,  conflned  or  even 
predisposed  to  plain  tracts,  but  frequent  also  hilly  regions, 
perching  upon  slopes  and  summits,  and  nestling  in  valleys. 

Surface  aspects. — The  surface  contours  of  these  hillocks  are 
somewhat  various  and  probably  have  no  sharply  defined  limit- 
ations. Very  commonly  they  arc  simple  isolated  mounds,  not 
conspicuously  unsymmetrical,  and  range  from  flatter  forms 
not  exceeding  ten  or  twelve  feet  in    height  to  more  sharply 

*  Geol.  of  Wise.,  vol.  ii,  pap:es  207  to  211 — Le  Kettle  moraine  et  les  mouTementi 
dea  glneicrs  qui  Ini  ont  donaes  naissnnce.  Comptes  Kendus,  Congr^  loternatioiuil 
de  Gcolo^ie,  Paris.  1878. — Kxtcnt  and  significance  of  the  Wise.  Kettle  Monint, 
Trans.  Wise.  Acad.  Sci.,  1876-77. 
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peaked  examples  reaching  ap  to  forty  and  fifty  feet  or  occa- 
sionally beyond.  These  simple  tumalous  forms  are  more  com- 
mon in  the  plainer  tracts.  When  clustered  they  usually 
assume  a  rapidly  undulatory  knob-and-basin  contour.  Not 
infrequently  they  are  appendages  of  more  massive  ridges  of 
till  or  till-covered  rock  in  which  case  they  constitute  unsym* 
metrical  embossments  of  varying  forms. 

1. 


Angular  gravel,  natural  size ;  from  a  hillock  one  mile  north  of  Midway,  Madison 
County,  Ohio. 

Internal  Constitution. — They  are  built  up  chiefly  of  gravel 
and  subordinately  of  sand,  clay  and  bowlders.  Special  in- 
terest attaches  to  the  form  and  composition  of  these  constitu- 
ents and  their  associations  with  each  other.  The  gravel  is 
largely  formed  of  limestone  fragments,*  which,  instead  of  having 
been  reduced  to  the  rounded  form  common  to  gravel,  retain 
a  high  degree,  of  angularity.  Their  surfaces  are,  however, 
worn  to  a  greater  or  less  degree,  but  it  is  of  the  type  produced 
by  forceful  rubbing  rather  than  rolling.  There  are  not  infre- 
quent examples  of  undoubted  glacial  striation.  The  whole 
aspect  of  the  attrition  suggests  the  common  form  of  glacial 
abrasion  which  the  stony  fragments  of  till  present,  modified  by 
slight  subsequent  rolling.  Indeed 'it  is  easy  to  demonstrate 
that  the  gravel  is  directly  derived  from  the  till  and  has  suffered 
little  modification  in  the  assortment,  for  numbers  of  the  hillocks 
show  in  certain  portions  of  their  diverse  material  true  till,  in 
other  portions,  till  from  which  most  of  the  clay  has  been  re- 
moved ;  still  other  portions  consist  of  the  rock-fragments  of 
the  till  with  a  meagre  amount  of  clay  in  the  interstices  ;  while 
yet  other  portions  consist  of  the  subangular  gravel  above  de- 
scribed, quite  thoroughly  separated  from  the  clay  and  slightly 

*  The  illustrative  examples  are  here  described,  not  the  whole  clasa 
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worn  ;  and  in  even  yet  other  portions,  the  gravel  is  more  nota- 
bly worn  but  rarely  well  rounded.  The  process  of  assortment 
is  thus  exemplified  in  all  its  stages,  within  the  narrow  limits 
of  a  single  hillock.  The  angularity  of  the  fragments  that 
constitute  this  gravel  is  illustrated  by  the  preceding  figures, 
natural  size,  which  represent  with  a  fair  degree  of  trothfalness 
the  character  of  the  originals.  The  selection,  it  will  be  ob- 
served, is  from  the  smaller  grade  of  gravel,  which  presump- 
tively suffered  more  transportation  and  rolling  than  the  larger 
fragments. 

2. 


Striated  limestone  fragrment,  natural  size,  from  the  above  locality. 

These  specimens  were  taken  from  a  representative  collection 
seriatim  under  the  limits  in  size  determined  upon.  Figure  2 
represents  a  glaciated  fragment,  natural  size,  which  happened 
to  be  drawn  out  of  the  collection  with  the  above  group.  It 
would  be  difficult  to  find  a  clearer  demonstration  of  the  slight 
attrition  which  these  gravels  have  suffered  in  their  assortment 
from  the  parent  till.  It  is  to  be  remarked,  however,  pru- 
dentially  that  so  slight  a  degree  of  attrition  is  not  universal  to 
the  material  of  the  hillocks  under  consideration,  though  the 
above  specimens  were  taken  from  well  assorted  and  thoroughly 
stratified  beds  and  were  intended  to  represent  the  average 
character  of  a  very  considerable  number  of  these  hilla  There 
are  usually  some  portions  of  each  mound  in  which  the  material 
is  more  rounded  and  there  are  other  accumulations  of  a  similar 
nature  in  other  respects  and  similarly  situated, -whose  material 
is  considerably  more  worn. 

The  character  of  the  sand  and  clav  comports  perfectly  with 
the  derivation  above  indicated.  Tne  sand,  instead  of  the 
familiar  well  worn  grains  of  quartz,  consists,  in  large  part,  of 
particles  of  limestone  with  which  are  mingled  minute  frag- 
ments of  shale  and  some  rounded  grains  of  quartz.  Numerous 
acid  tests  of  these  sands  made  in  the  field  invariably  elicited 
prompt  and  active  effervescence,  which  indicates  unleached 
limestone  particles.  Under  the  lens,  the  grains  present,  in  the 
main,  clean  fresh  surfaces  of  characteristic  texture. 

As  an  approach  to  a  more  accurate  determination  of  their 
character,  130  grains,  selecied  indiscriminately  from  the  small- 
est particles  that  could  be  conveniently  handled  (mainly 
less  than  1°^  in  diameter)  were  dropped  in  succession  into 
dilute  hydrochloric  acid  slightly  warmed.     These  were  taken 
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from  a  quantity  gathered  from  the  face  of  an  excavation 
(one  mile  north  of  Midway,  Madison  Co.,  Ohio)  in  such  a  way 
as  to  represent  fairly  the  average  of  six  feet  vertical  depth  and 
twenty  feet  face,  lying  between  six  and  twelve  feet  from  the 
surfaca  Of  the  grains  so  treated,  95  gave  notable  eflfervescence, 
and  mainly  dissolved ;  18  light-colored  grains  gave  no  action 
and  were  manifestly  quarizose  ;  17  dark-colored  grains  gave  no 
perceptible  response.  After  digesting  twelve  hours,  16  dark 
grains  remained  and  18  light  colored  ones.  There  were  in 
addition  a  few  minute  quartz  particles,  probably  nuclear  points 
or  particles  that  adhered  unobserved  to  larger  ones  when 
dropped  in  the  acid. 

From  the  same  sample  107  grains,  selected  indiscriminately, 
except  that  a  larger  grade  was  chosen  (1  to  4°™  in  size)  were 
treated  in  a  similar  way.  Of  these  94  gave  notable  eflferves- 
cence, 9  dark  colored  grains  gave  slow  or  feeble  action,  and 
four  light  colored  particles  gave  no  response.  This  confirmed 
what  a  general  inspection  seemed  to  indicate,  that  with  increas- 
ing size  of  the  grains  there  was  increased  proportion  of  lime- 
stone particles,  and  inspection  of  the  finer  gravel  stones  fully 
bears  out  this  law.  A  magnet  drawn  through  the  sand  brought 
forth  a  few  bristles  of  magnetite.  Examined  under  a  polarizing 
microscope  the  associated  dust  is  seen  to  be  largely  quartz,  ana 
the  finer  grains  to  be  mainly  (juartz  and  fragments  of  granular 
limestone  and  dolomite,  to  which  are  added  a  few  splinters  of 
clean  crystalline  calcite,  nn  occasional  grain  of  magnetite,  and 
not  infrequent  dark  or  black,  nearly  or  quite  opaque  grains, 
whose  character  was  not  determined. 

An  analysis  of  the  leading  ingredients  by  Professor  E.  G. 
Smith  gave : 

Insoluble  in  HCl.  Soluble  in  HCL 

SiO  =  21  157  CaCO,  =  44-294 
A1,0,  r057  MgCO,  26-070 
Fe.O.  -839  


CaO         trace,  undetermined  70*364 

MgO  " 


23-053 


RjOj  undetermined  "j 

H,0  "  I      6*583  subject  to  correction 

Fe^Oj  "  (  for  loss  or  gain. 


Al,0 


8  ) 


10000 
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A  second  sample  of  finer  grain  gave : 


Insoluble  in  HG 
SiO, 

MgO 
Cab 

idetermined  ' 

u 
it 

u 

<( 

> 

L 

=     21-607 
2-480 
•409 
undetermined 

Soluble  in  HGl. 

CaCO.  or 
MgCO, 
Fe,03 
AIO3 

24-896 

75-604  estimated  by  loss;  sub- 
ject to  correction  for 
loss  or  gain. 

100-00 

These,  in  the  light  of  the  preliminary  inspection,  may  be 
interpreted  roundly  to  signify  about  70  per  cent  of  magnesian 
limestone  particles,  less  than  20  per  cent  of  quartzose  sand  and 
less  than  5  per  cent  of  shale  particles.  In  another  aspect  they 
seem  to  disclose  that  70  per  cent  certainly,  and  probably  90 
per  cent,  were  derived  by  mechanical  action,  while  probably 
not  mofe  than  10  per  cent  arose  from  decomposition. 

A  similar  analysis  of  a  much  more  worn  sand  taken  from  a 
hill  about  6  miles  southwest  of  Bellefontaine,  Logan  County, 
Ohio,  gave  the  following  results: 


iDHoluhle  in  HCl. 


SiOj 
AUG, 
Fe,0, 
( 'a(> 
MgO 


29-341 
14-516 
1-964 
trace,  undetermined 


Soluble  in  HCl. 

31-079 


CaCO,     = 
MgCO, 


•885 


38-964 


li 


i( 


45-821 


FcgO.,  undetermined  1 


Al,0, 


15-215  subject  to  correction 
for  loss  or  gain. 


u 


100-00 


This  shows  a  much  less,  but  still  large  proportion  of  lime- 
stone derivatives  and  a  much  greater  ingredient  of  a  clayey  or 
shaley  character. 

The  clays,   associated   with   some  portions  of  the  gravelly 
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mass  of  these  hills,  have  not  been  aDalyzed,  bat  acid  tests  in 
the  field  indicate  the  abundant  presence  of  the  carbonates. 
Two  conditions  of  the  claj  ma^  be  recognized,  linked  bj  inter- 
mediate gradations.  The  one,  in  which  it  constitutes  a  matrix 
embracing  the  stony  fragments  after  the  manner  of  bowlder 
clay — indeed  the  mass  is  indistinguishable  from  pebbly  till — 
the  other  in  which  it  is  only  a  coating  of  the  angular  gravel 
or  a  partial  fill  ig  of  ts  i  terst  cee  g  v  ng  the  impression  that 
It  IS  a  secondary  inter  depo=i  t  on  These  two  vaneties  are  ton 
nected  by  intermed  ate  gradations  giving  nse  to  an  interesting 
ser  es  of  clayey  gravels  and  gravelly  claya 


Stratipeat  on  - — The  gravel  n  certa  n  portions  of  these  h  Us  is 
completely  assorted  and  stratified  in  honzontal  layers  A  larger 
proport  on  assumes  var  ous  ncl  ned  att  tudes  and  examples  of 
curved  and  discordant  stratification  nppear  in  the  greatest  abun- 
dance and  variety.  But  it  is  to  be  observed  that  the  slope  of 
the  inclined  beds  is  not  limited  to  the  moderate  inclinationa  to 
which  such  materia!  is  confined  when  deposited  under  running 
water,  but  stands  at  all  inclinations,  even  up  to  verticality. . 
Moreover  the  beds  are  often  twisted  and  contorted,  or  crushed 
into  confusion,  and  occasionally,  though  rather  rarely,  broken 
and  di7<jointed.  The  partially  assorted  portions  partake  most 
of  these  anomalous  attitudes,  being  pushed  into  various  irregu- 
lar Bh«pes  and  curiously  inwrought  among  the  better  assorted 
portions.  It  is  in  association  with  these  disturbed  beds  that  the 
till-like  portions  are  found.  Vertical  and  inclined  veins,  more 
or  less  irregular,  nnd  filled  with  a  very  fine  silt,  occasionally 

iireaent  themselves.  The  accompanying  figures  very  imper- 
ectTy  represent  the  general  aspect  of  the  interior  structure  of 
these  hillocks.  To  fully  appreciate  their  real  complexity,  it  is 
necessary  that  the  study  of  the  actual  section  should  be  carried 
into  detail. 

It  thus  appears  that  these  hills  present  gradations  (I)  of  ma- 
terial from  mixed  Rtony  clays  to  finely  assorted  sand  and 
gravel;  (2)  of  attrition,  from  that  of  the  glaciated  till  fragments 
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to  moderately  worn  aand  and  gravel,  and  (8)  of  stratification, 
from  contorted  and  disturbed  beds  to  almost  complete  borizon- 
talitj.  The  inieresting  fuct  is  that  this  occurs  witbio  tbe  lim- 
ited compass  of  a  single  hill,  it  may  be  a  mere  billock,  scarcely 
exceeding  in  size  an  artificial  tumulus. 

liifeieiicts. — The  following  inferences  are  drawn,  if  not  alto- 
gether from  the  brief  statements  above  made,  at  least  from  the 
wider  range  of  facts  observed. 


^^ect  OD  of  H  p  rt  on  of  n  ){riiTeI  h  II  n^M"  U  dwa^  Mad  SOQ  Lountj  OL  o  shov- 
ing diacortlant  and  miitorteii  strati floation. 

I.  The  angular  gravel  (5  an  immediate  derivative  from  the  ad- 
jacent ml  This  is  niiinifest  from  its  passage  into  till  through  a 
complete  series  of  gradntions,  and  from  the  identity  of  its  stony 
constituents  with  those  of  the  till. 

II.  T/'C  material  is  of  extremely  local  deri'wJt (ion —considered  as 
a  secondiiry  formation — (1)  because  it  is  so  litile  worn  in  its 
exiraction,  (2)  becau.se  it  is  so  imperfectly  and  so  variously  as- 
sorted, and  (3)  because  of  the  intimate  strntigrapbical  as-socia- 
tions  above  indicated.  Considered  as  to  its  ultimate  genesis 
through  it"  parent  till,  it  is  at  least  not  of  remote  origin,  in  the 
main  ;  for,  aside  from  the  lithologicnl  and  pal  eon  to  logical  evi- 
dence that  is  applicable  to  the  coarser  material,  and  by  infer- 
ence, and  to  some  extent  by  micratcopic  inspection,  to  the  sands 
and  clays,  it  is  manifest  that  material  containing  from  40  to  70 
per  cent  of  limestone  was  not  derived  from  the  crystallins 
rocks  of  the  Canadian  highlands,  nor  from  these  c<)mbined,  in 
the  ratio  of  surface  exposure,  with  the  Lake-basin  series  of 
sandstones,  limestones  and  shales,  nor  even  from  these  com- 
bined ratably  with  the  formations  adjacent  to  the  deposits,  [f 
a  uniform  shaving  were  cut  from  the  face  of  the  successive 
strata  from  the  Canadian  heights  to  the  locality  of  the  deposiia, 
it  would  not  give  tlie  higher  percentage  of  calcareous  and  mag- 
ncsiaii  material,  even  if  no  account  were  taken  of  surface- 
leached  material,  which  must  inevitably  have  become  mixed 
with  the  drift  The  character  of  the  material  indubitably  indi- 
cates that,  while  a   minor  portion  was  brought  from  disUnl 


wad  Dist^urbed  Stratificdtion,  38Y 

sources,  the  great  mass  was  gathered  from  the  adjacent  lime- 
3tones. 

III.  These  hills  were  formed  in  the  presence  of  an  intermittent 
disturbing  agency.  It  seems  quite  impossible  to  explain  the 
3urious  relations  of  the  disturbed  and  undisturbed  portions  of 
the  mounds  by  postulating  a  single  thrust,  or  even  a  succession 
of  disconnected  sudden  impulses.  It  seems  necessary  to  assume 
the  continued  presence  but  intermittent  action  of  the  disturbing 
agency.     This  is  strengthened  by  the  following  consideration. 

IV.  Their  formation  req»iired  a  special  localizing  agency.  This 
is  most  apparent  in  the  cases  of  isolated  mounds  on  broad  plain 
tracts  of  till,  or  of  embossments  on  the  slopes  or  crests  of  ridges. 
No  existing  agency,  by  any  extension  of  its  magnitude,  is  at  all 
competent  to  account  for  their  localization.  The  formative 
agency,  or  combination  of  agencies,  must  have  produced,  at 
once,  local  assortment  and  local  heaping  of  the  assorted  mate- 
rial, or,  in  other  words,  the  assorting  waters  must  have  been 
confined  and  concentrated  in  their  derivative  action,  and  like- 
wise constrained  so  as  to  heap  their  material  into  tumuli,  whose 
location  was  determined  by  the  constraining  agency  more  than 
by  any  feature  of  the  local  topography  or  other  present  condi- 
tion. 

V.  I  infer,  therefore,  that  these  hills  could  not  have  been 
produced  by  any  form  of  beach  action,  whether  assisted  by  ice 
or  not,  because,  in  addition  to  what  has  bt^en  previously  im- 
plied, their  external  forms,  their  irregular  dispersion,  their 
varying  altitudes,  defying  reduction  to  horizontality,  as  well  as 
their  otherwise  irreconcilable  topographic  situations,  are  incom- 
patible with  such  an  origin. 

VI.  Their  inherent  characteristics,  taken  in  connection  with 
their  association  with  morainic  belts,  supports  the  opinion  that 
they  were  formed  along  the  edge  of  the  great  ice  sheet  by 
numerous  marginal  streams.  The  disturbance  of  bedding  and 
the  intrusion  of  the  till  masses  are  attributable  to  the  oscilla- 
tory action  of  the  ice,  while  the  partial  assortment,  feeble 
attrition  of  the  gravel  and  the  multiform  phases  of  stratifica- 
tion, were  accomplished  by  the  issuing  streams.  The  localiza- 
tion of  these  streams  was  of  course  detewnined  by  the  special 
conditions  of  glacial  drainage  then  existent,  but  now  largely 
past  determination.  The  heaping  of  the  gravels  is  thought  to 
have  been  aided  by  the  ice  which  restrained  both  the  stream 
and  the  dispersion  of  its  products.  The  special  phases  of  accu- 
mulative action  were  probably  somewhat  variable,  being  some- 
times purely  marginal,  the  heaping  being  at  the  debouchure  of 
the  streamlets,  sometimes  within  the  walls  of  subglacial  tun- 
nels* or  small  marginal  ice  cafions,t  and  sometimes,  perhaps, 

♦  Hummel,  loc.  cit.  f  Upham,  loc.  cit 
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at  the  base  of  moullDS,  so  near  the  edge  of  the  glacier  that 
their  products  did  not  suffer  obliteration  by  subse(]|uent  me- 
chanical action  of  the  ice.  I  have  been  unable  to  satisfactorily 
picture  the  precise  process  of  formation  of  all  forms  of  the 
accumulations  under  the  conditions  of  any  one  of  these  meth- 
ods alone,  but  as  all  were  presumptive  attendants  of  glacial 
action,  the  various  forms  seem  explicable  by  their  several,  or 
their  joint,  agencies. 

The  hypothesis  of  formation  in  this  manner  is  in  complete 
harmony  with  the  local  character,  the  angular  forms  and  the 
chemical  constitution  of  the  sands  and  gravela 

If  they  had  been  formed  by  supergiacial  streams,  it  seems 
necessary  to  suppose:  (1)  that  a  much  larger  proportion  of  dis- 
tant material  would  have  been  present,  even  ii  it  is  maintained 
that  subglacial  material  rises  promptly  to  the  surface  of  the 
ice,  a  view  which  I  do  not  entertain  ;  (2)  there  must  have  been 
a  more  complete  assortment  of  the  material,  since  supergiacial 
streams  are  necessarily  rapid  and  have  great  selective  power; 
(8)  there  would  probably  have  been  more  notable  attrition  and 
(4)  a  greater  rarity  of  small  glaciated  stones,  since  these  are 
very  rare,  if  not  altogether  wanting,  in  superficial  debris, 

Significance  of  Calcareous  Character. — The  highly  calcareous 
composition  of  this  material  is  worthy  of  special  note  and,  in- 
dependently of  other  considerations,  is  very  significant  of  the 
mechanical  origin  of  the  drift  The  residuary  material  which 
covers  non  glaciated  areas  within  and  about  the  drift-bearing 
territory  is  essentially  non -calcareous  even  when  derived  fiom 
limestone,  as  I  have  satisfied  myself  by  numerous  field  tests 
over  a  wide  area  and  as  is  being  demonstrated  more  thoroughly 
by  special  investigations  in  the  hands  of  my  assistant,  Mr.  R 
D.  Salisbury,  undertaken  with  a  view  to  develop  more  pre- 
cisely the  important  truths  that  lie  along  this  line  of  approach 
to  the  problems  of  the  drift.  Calcareous  sands  of  the  nature 
above  described,  are,  so  far  as  I  can  learn,  wholly  unknown  in 
non  glaciated  regions  and  are  a  product  quite  irreconcilable 
with  the  pre-glacial  conditions  that  prevailed  in  the  region 
where  they  are  now  found. 

Nomenclature, — It  .would  be  quite  within  the  sanction  of 
prevalent  practice  to  dub  these  hillocks  kames^  and  there  make 
an  end  of  it.  But  at  the  outset  of  this  article  the  manifest 
need  of  a  stricter  classification  was  alluded  to.  This  must 
necessarily  carry  with  it,  or  at  least  eventuate  in,  a  more  pre- 
cise use  of  terms.  These  terms  should  be  either  simply  struc- 
tural or  simply  genetic,  or  else  indicative  of  a  given  structure 
having  a  given  origin.  At  present  the  term,  kames,  is  applied 
broadly  to  embrace,  on  the  one  hand,  mounds,  hummocks  and 
peaked   hills,   and,  on  the  other,  extensive  branching  gravel 
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Iges,  the  two  classes  standing  to  other  glacial  phenomena  in 
e  contrasted  relations  I  have  previously  pointed  out;  to  say 
»thing  of  the  probable  inclusion  under  the  term  of  fluviatile 
td  littoral  accumulations  or  degradational  relics  having  no 
rect  relationship  to  land  ice.  It  is  doubtless  much  too  early 
determine  a  final  classification  and  nomenclature,  but  I 
ink  it  will  be  a  wholesome  advance  in  that  direction  to  re* 
rict  the  term  kames  to  mound-lfke  and  short-ridged  accumu- 
tions  whose  distribution  is  obviously  or  apparently  peripheral 
»  the  formative  ice,  and  to  distinguish  trom  them  under  the 
ime  osars  the  extended  linear  and  branching  ridges  that  lie 
irallel  to  the  lines  of  glaeial  movement  and  that  belone  to 
le  longitudinal  class  of  glacial  features.*  We  mav  neea  to 
irry  our  distinctions  much  beyond  this  It  is  to  "be  hoped 
lat  it  will  be  possible  to  draw  discriminations  close  enough 
Itimately  to  distinguish  between  the  accumulations  of  (l) 
3ripheral,  (2)  subglacial,  (8)  superglacial,  and  (4^  ice^^aflon 
reams,  and  (6)  moulin  cataracts,  and  also  between  tne  products 
»rmed  in  connection  with  (1)  glacial  advances,  (2)  glacial  halts, 
id  (3)  glacial  retreats.  It  is  not  improbable  also  that  it  may 
3come  important  to  distinguish  between  the  drainage  products 
)  of  active,  and  (2)  of  stagnant  glaciers  or  glacial  remnants. 
;  is,  for  me  at  least,  very  difficult  to  form  a  clear  and  satisfac- 
)ry  conception  of  the  formation  of  osars,  one  or  two  hundred 
liles  in  length  and  forty  to  one  hundred  and  eighty  feet  or 
lore  in  height,  with  lateral  branches  and  meandering  courses, 
ke  those  of  Sweden  and  Maine,  in  connection  with  active 
lOving  glaciers.  The  time  requisite  for  the  accumulation  of 
>  consiaerable  an  amount  of  worn  and  assorted  material  was 
y  no  means  trivial  when  reckoned  in  terms  of  ordinary  glacial 
lotion.  This  motion  of  the  ice  seems  incompatible  with  the 
leandering  courses,  and  the  branching  forms,  if  not  with  the 
tructure  and  definition  of  the  ridges.  Nor  is  complete  satis- 
iction  afforded  by  the  view  that  they  were  formed  progres- 

*  By  reference  to  the  discussions  of  thirty  and  forty  years  since,  it  will  be 
»und  that  the  term  osars^  in  its  Anglicized  form,  was  in  common  use  as  the 
x^pted  name  of  this  class  of  deposits,  and  on  this  account  has  claims  to  reten- 
on.  See,  among  other  possible  references.  Am.  Jour.  Sci.,  xlv,  1843,  p.  322, 
here  Dr.  Jackson  iden tines  the  grayel  ridges  of  Maine  as  osars;  also.  Hitch- 
x;k*s  Elementary  Geology,  where  osars  are  specifically  defined  and  the  term 
speatedly  used  as  one  of  common  acceptance ;  also,  Geol.  of  Lake  Superior  Land 
Tist.,  p.  236,  where  Desor  likens  certain  gravels  to  "those  curious  ridges  in 
weden,  familiar  to  European  geologists  under  the  name  osars."  Also,  Mur- 
bison's  Geol.  of  Russia,  vol.  i,  pp.  542-666,  where  the  use  of  the  term  implies 
»  adoption  even  among  English  writers. 

But  a  more  important  reason  for  the  retention  of  this  term  lies  in  the  fnct  that 
lie  Swedish  osars  are  a  thoroughly  typical  and  distinctive  dars,  while  the  Scottish 
ames  are  comprehensive  and  need  differentiation.  The  descriptions  of  Dr.  James 
reikie,  which  have  done  so  much  to  foster  interest  in  tbem,  give  precedence  to 
be  mound  type,  and  justify  us  in  restricting  the  term  to  that  dominant  class. 
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sively  in  channels  cat  back  into  the  retreating  edge  of  the  ice 
by  superglacial  streams.* 

Not  to  enlarge  upon  the  subject  here,  suffice  it  to  say  that 
there  are  many  features  of  the  great  branching  osars  that 
strongly  invite  the  belief  that  they  are  the  proaucts  of  the 
drainage  system  of  practically  stagnant  glaciers-f  If  this  view 
be  sustained — and  that  will  depend,  of  course,  not  so  much 
upon  its  aptness  as  an  explanatory  hypothesis,  as  upon  collat- 
eral and  independent  evidence  that  the  dissolving  ice  sheet,  in 
its  closing  stages,  became  stationary  in  the  areas  involved — 
there  will  be  room  for  a  wide  dynamic  distinction  between 
these  byproducts  of  ice  under  minimum  motion,  and  the  kames 
associated  with  terminal  moraines,  which  are  the  offspring  of 
glaciers  at  a  stage  of  nearly  maximum  activity. 

To  what  an  extent  it  may  be  found  serviceable  to  use  dis- 
tinciive  genetic  terms  for  these  several  classes,  can  only  be  ad- 
judged when  their  respective  prevalence,  and  the  success  with 
which  they  can  be  trustworthily  discriminated,  shall  have  been 
determined.  Meanwhile  the  general  structural  distinction  be- 
tween elongated  osars  and  hummocky  kames  is  needed  to  avoid 
in  some  measure  confusion  of  types,  and  to  secure  convenience 
of  expression.  This  restriction  and  special  application  of  the 
terms,  kames  and  osars,  is  in  accordance  with  the  predominant, 
but  not  by  any  means  uniform,  foreign  use  of  the  terms,  which 
is  indeed  not  aiscrirainative.  Beyond  question  difficulties  arise 
in  the  strict  application  of  the  terms,  since  the  elongated  ridges 
occasionally  break  up  into  clustered  hillocks,  an<l  the  transverse 
belts  are  attended  by  linear  ridges,  so  that,  structurally  consid- 
ered, the  two  types  merge  into  close  association.  So  also,  gene- 
tically, they  are  related  in  the  fact  that  they  spring  alike  from 
the  mutual  relations  of  glaciers  and  glacial  waters,  but  it  seems 
more  important  to  recognize  the  wide  general  distinction,  than 
to  employ  a  terminology  so  broad  as  to  embrace  phenomena 
that  are  diverse  in  such  an  important  sense. 

Under  this  restriction  of  terms  the  hillocks  under  discussion 
would  be  classed  as  kames,  and  would  constitute  one  of  their 
most  distinctive,  though  perhaps  not  most  common,  types. 

• 

♦  Upham.  Origin  of  Kames  or  Kskers  in  New  Hampshire.  Proc.  Am.  Asscxx. 
IH76,  XXV,  216. 

f  Prof.  Stone,  who  has  sludied  these  special  forms  more  extensively  than  an/ 
one  else  in  this  country,  expresses  the  conviction  that  the  flow  of  the  ice  m  a 
whole  had  ceased  at  the  time  of  their  deposition.     (Kames  of  Maine,  p.  469.) 
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5!LV. — Extinct  Glaciers  of  the  San  Juan  Mountains^  Oolo- 

rddo ;  by  R  C.  HiLLS  * 

.T  portion  of  the  Rocky  Mountain  range  which,  for  the 
le  of  this  paper,  will  be  considered  as  the  San  Juan 
ains,  includes  the  whole  of  the  elevated  region  embraced 
Counties  of  HinsdaJe,  San  Juan,  Ouray,  San  Miguel, 
8,  Rio  Grande  and  La  Plata. 

drainage  east  of  the  Continental  Divide  constitutes  the 
of  the  main  branch  of  the  Rio  Grande,  while  that  to 
stward  includes  the  principal  tributaries  of  the  San  Juan 
e  southern  tributaries  of  tne  Grand  and  Gunnison.  The 
e  of  water  conveyed  into  the  Rio  Grande  is  small  com- 
with  that  which,  flowing  westward,  furnishes  more  than 
e  total  volume  of  the  Colorado  River.  In  fact  the  vol- 
f  the  Rio  Gmnde  from  this  source  only  does  not  exceed 
■  either  the  Dolores  or  Animas,  streams  which  are  simply 
iries  of  the  Grand  and  San  Juan. 

extent  of  glacial  action  in  the  past  seems  to  have  been,  in 
^  measure,  proportional  to  the  magnitude  of  the  existing 
ystems,  and  it  is  found  that  not  only  was  there  a  greater 
ess  of  ice  on  the  western  slope  but  the  area  of  glaciation 
lany  times  more  extensive.  Evidence  of  the  farmer 
ice  of  glaciers  in  the  Rio  Grande  drainage  area  is  most 
i  in  the  region  lying  west  of  Wa:i;on  Wheel  Gap.  For  a 
;e  of  twenty -eight  miles  above  the  Gap,  the  river  bottom, 
is  seldom  less  than  half  a  mile  wide,  is  a  continuous 
t  of  drift.  Above  this  for  some  distance  the  fall  of  the 
3  considerably  increased,  and  the  surface  of  the  eruptive 
lere  forming  the  river  bed  is,  where  exposed,  usually 
1  and  rounded.  There  are  no  accumulations  of  drift,  or 
1  ever  existed  they  have  since  been  carried  away.  Suc- 
g  this  is  a  swampy  bottom  about  four  miles  long,  ex- 
g  nearly  up  to  Lost  Trail  Station,  and  terminated  at  its 
extremity  by  a  moraine.  It  is  separated  from  a  third 
nailer  valley,  lying  between  Lost  Trail  and  Timber  Hill, 
5W  well-rounded  hills  cut  by  the  river.  Timber  Hill  is 
stant  about  seven  miles  from  the  semi-circular  ridge 
ng  the  Atlantic  from  the  Pacific  drainage  and  enclosing 
ion  of  country  that,  with  the  exception  of  the  higher 
appears  to  have  been  thoroughly  glaciated, 
the  lateral  ice  streams  flowing  into  the  Rio  Grande  Val- 
e  greatest  was  probably  that  of  Clear  Creek.  It  origina- 
ihe  country  lying  above  Clear  Creek  Falls,  and  which  is 
present  time  mostly  below  an  elevation  of  10,500  feet. 

i  paper  read  before  the  Colorado  Scientific  Society,  October  1,  1883. 

OUR.  Sci.—Third  Sbries,  Vol.  XXVII,  No.  161.— Mat,  1884. 
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A  short  distance  down  the  valley  from  the  Falls  the  ice  stream 
was  divided,  one  portion  entering  the  Rio  Grande  Valley  at 
Antelope  Park  ana  the  other  portion  at  Antelope  Springs,  three 
miles  to  the  eastward.  The  latter  branch  formed  the  depression 
known  as  Santa  Maria  Lake,  and,  during  its  retreat,  the  huge 
terminal  moraine  one  mile  above  the  springs. 

From  the  Continental  Divide  at  the  head  of  the  Rio  Grande 
to  Wagon  Wheel  Gap  the  distance  is  about  fifty-two  miles. 
Below  theGjip  there  is  evidence  that  glaciers  flowed  in  from 
the  Divide  to  the  southward,  but  it  does  not  appear  that  the 
main  glacier  extended  east  of  the  Gap.  Judging  from  the 
glaciation  on  the  hills  flanking  the  valley,  the  main  glacial 
stream  did  not  exceed  five  hundred  feet  in  thickness,  and  its 
extraordinary  extension  eastward  must  have  been  due  to  addi- 
tions from  lateral  sources.  In  comparison  with  the  countrv 
west  of  the  Divide  the  glacial  features  of  the  Rio  Grande  Val- 
ley are  of  secondary  interest,  and  it  is  to  the  Pacific  slope  of 
the  mountains  more  particularly  that  I  wish  to  direct  attention. 
That  a  long  continued  period  of  extensive  glaciation  existed 
there  is  shown  by  the  frequent  occurrence  of  drift  along  the 
western  margin  of  the  undulating  plateau  region,  lying  near 
the  base  of  the  main  range,  and  by  the  scratched  and  fluted 
surface  of  the  crystalline  schists  and  such  eruptive  rocks  as 
have  resisted  disintegrating  action  in  and  around  the  main 
range  itself.  In  addition,  morainal  deposits  are  a  conspicuous 
feature  in  the  flat  swampy  bottom,  known  as  parks,  of  frequent 
occurrence  along  the  principal  streams.  It  does  not  appear 
that  the  glaciers  were  always  confined  to  the  existing  vallejs, 
but  that,  at  some  remote  period,  the  entire  western  slope  of  the 
mountains,  except  probably  the  higher  peaks,  was  covered 
with  an  unbroken  sheet  of  ice.  The  extension  of  this  sheet 
westward  was  doubtless  aided  to  a  considerable  deo^ree  by  ad- 
ditions  of  glacial  material  from  three  more  or  less  isolated 
groups  of  mountains,  viz :  the  Tongue  Mesa,  Mount  Wilson 
and  La  Plata  groups. 

The  western  limit  of  the  ice  sheet  at  the  period  of  greatest 
exteuvsion  is  not  always  well  marked,  yet  sufficiently  so  at 
intervals  to  admit  of  its  being  defined  with  some  approach  to 
accuracy.  From  the  Rio  Navajo  northward  to  the  Mancos 
Valley  the  ice  j)lowed  down  through  the  Fox  Dills  sandstone 
into  the  Colorado  shales,  sometimes  to  the  level  of  the  Dakota, 
leaving  an  irregular  line  of  escarpments  and  low  hills  facing 
the  Needle  and  La  Plata  Mountains.  These  escarpments  are 
especially  noticeable  between  the  Animas  and  Mancos  rivers 
where  the  depth  of  erosion  from  this  cause  alone  is  from  250 
to  500  feet.  Similar  escarpments  occur  fronting  the  Mount 
Wilson  and  Lone  Cone  groups  of  mountains.      In  the  Anima? 
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ver  regioD  bowlders  of  quite  large  size,  usually  granite,  are 
stributed  over  the  country  five  miles  west  of  the  town  of 
iirango  and  nearly  sixty  miles  from  the  source  of  the  Animas 
ver.  No  rocks  are  exposed  in  the  vicinity  older  than  the 
)lorado  Cretaceous,  and  the  nearest  exposure  of  granite  is  at 
bert,  eighteen  miles  up  the  river. 

In  the  Rio  San  Miguel  region  the  ice  moved  westward  with 
e  general  course  of  the  San  Miguel  River,  and  crossed  diago- 
lly  the  course  of  the  south  branch  of  that  stream.  To  what 
stance  it  extended  I  am  unable  to  say,  but  1  have  observed 
ratio  bowlders  of  eruptive  rock  on  the  mesas  flanking  the 
in  Miguel,  thirty-five  miles  from  the  source  of  the  river. 
In  the  country  immediately  south  of  the  Uncompahgre 
ver,  it  does  not  appear  that  the  ice  extended  west  of  the 
outh  of  Dallas  Creek.  In  the  region  between  the  Uncom- 
bgre  and  Cimarron  the  extension  was  much  greater.  For 
veral  miles  west  of  Tongue  Mesa  the  country  is  covered  with 
arse  bowlder  drift,  composed  largely  of  eruptive  rocks  de- 
red  from  the  Tongue  Mesa  Mountains.  The  western  limit  of 
is  area  is  marked  by  a  long  ridge  of  Archaean  rucks  running 
agonally  from  the  Cimarron  southwesterly  to  the  Uncom- 
hgre  Valley  and  known  as  the  Vernal  Mesa.  Consequently, 
e  greatest  extension  of  drift  is  toward  the  latter,  where 
ratio  bowlders  may  be  observed  twelve  miles  west  of  the  ex- 
smity  of  Tongue  Mesa  and  within  a  short  distance  of  Mon- 
>8e.  Similar  features  are  observable  in  the  section  of  coun- 
jr  lying  between  the  Cimarron  and  the  mouth  of  Indian  Creek 
I  the  Lake  Fork  of  the  Gunnison. 

As  the  ice  sheet  retreated  it  became  divided  and  finally  sep- 
ated  into  distinct  glaciers  corresponding  to  the  principal  val- 
j^s.     Of  these  the. Animas  glacier  was  probably  the  largest. 

formed  the  beautiful  and  fertile  Animas  Park  in  La  Plata 
>unty  and  Baker's  Park  in  San  Juan  county.  It  was  aug- 
ented  by  large  additions  of  glacial  material  from  the  Needle 
id  Cascade  Mountains,  and  a  short  distance  above  Elbert  was 
robably  at  one  time  nearly  three  miles  wide.  Between  Elbert 
ttd  Silverton  the  rounded  surfaces  of  the  crystalline  schists 
ithibit  glacial  scratches  1200  to  1500  feet  above  the  old  glacier 
ed.  Two  parallel  terminal  moraines  cross  the  lower  end  of 
Lnimas  Park  at  Animas  City.  There  is  a  moraine  at  the 
>wer,  and  another  at  the  upper  end  of  Baker's  Park. 

Next  in  importance  was  probably  the  Hinsdale  glacier,  occu- 
yingthe  upper  valley  of  the  Lake  Fork  of  the  Gunnison.  It 
)rmed  the  basin  of  Lake  San  Cristobal,  and,  as  shown  by  the 
rift  covering  the  low  hills  northeast  of  Lake  City,  was  at  one 
me  nearly  a  mile  wide.  Lake  City  is  about  twenty-four  miles 
■om  the  source  of  the  river  and  about  fifteen  miles  from  the 
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nearest  point  on  the  Continental  Divide.  Owing  to  kaoliniza- 
tion  and  other  causes  the  rocks  bordering  the  lower  portion  of 
the  district  have  not  retained  the  characteristic  glacial  scratches, 
and  the  only  indication  of  the  probable  thickness  of  the  Hins- 
dale glacier  is  the  presence  of  drift  material  which  is  abundant 
800  feet  above  the  level  of  Lake  San  Cristobal. 

The  Uncompahgre  glacier  was  eighteen  miles  long,  extend- 
ing to  the  foot  of  Uncompahgre  Park  and  to  within  a  short 
distance  of  the  mouth  of  Dallas  Creek.  It  deposited  the  huge 
moraine,  over  150  feet  high,  which  crosses  the  lower  end  of  the 
park.  Below  the  town  of  Ouray  only  friable  sandstones  and 
shales  are  exposed  and  glacial  striae  are  absent  Above  Ouraj 
the  quartzites  and  schists  are  scratched  and  polished  800  feet  or 
more  above  the  bed  of  the  Uncompahgre  River. 

On  the  La  Plata  the  local  glacier  was  about  15  miles  long,  and, 
in  places,  three-fourths  of  a  mile  wide,  extending  more  than  six 
miles  below  Parrott  City.  A  glacier  of  about  equal  dimen- 
sions  occupied  the  valley  of  the  Mancos.  The  drift  forming 
the  substratum  of  the  Mancos  Valley  is  largely  mixed  with 
clay,  probably  owing  to  the  enormous  amount  of  shale  eroded 
by  the  glacier. 

On  the  North  Fork  of  the  San  Miguel  was  a  glacier  eight 
miles  long,  and  about  200  feet  thick  towards  its  western  ex- 
tremity. It  extended  to  the  lower  end  of  what  is  known  as 
Gold  Run,  a  swamp  valley  terminating  in  a  moraine  about  thirty 
feet  high.  The  glacier  of  the  South  Fork  of  the  San  Miguel 
was  about  fifteen  miles  long  and  debouched  into  the  main  val- 
ley a  short  distance  below  the  lower  end  of  Gold  Run.  It  was 
augmented  by  the  Luke  Fork  glacier,  the  latter  forming  the 
depression  occupied  by  Trout  Lake.  The  only  indication  of 
the  probable  thickness  of  the  South  Fork  Glacier  is  the  occa- 
sional occurrence  of  fluted  surfaces  on  the  precipitous  granite 
exposures  below  the  town  of  Ophir,  which  can  be  observed 
400  feet  above  the  smo(»th  granite  bed  of  the  old  glacier  and 
on  both  sides  of  the  river. 

On  the  San  Juan,  Navajo,  Los  Pifios,  Piedra,  Florida  and 
Dolores,  all  of  which  streams  I  have  visited,  local  glaciers  of 
greater  or  less  extent  once  existed  ;  but  those  I  have  described 
were  probably  the  most  important,  at  least  their  history  is  the 
best  preserved. 

DurintT  the  period  of  the  extension  of  the  ice  slieet  the  Up- 

{)er  and  Middle  Cretaceous  rocks  were  eroded  from  200  to  500 
eet,  in  some  places  more,  the  amount  of  erosion  being  greater 
where  shales  predominated,  as  for  instance,  in  the  section  of 
country  immediately  north  of  Animas  City. 

That  a  long  period  of  time  elapsed  between  the  retreat  of  the 
ice  sheet  and  the  final  retreat  of  the  local  glaciers  is  shown  bj 
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le  depth  of  erosion  in  the  South  Fork  of  the  San  Miguel.  As 
efore  remarked,  the  course  of  this  stream  is  diagonal  to  the 
irection  of  movement  of  the  San  Miguel  portion  of  the  ice 
leet,  which  was  approximately  that  of  the  main  valley.  The 
oath  Fork  glacier  cut  down  through  not  less  than  800  feet  of 
retaceous  sandstones  and  shales,  forming  a  cafion  nearly  half 
mile  wide  bordered  at  intervals  by  escarpments  of  sandstone. 
'he  erosion  of  this  canon  must  have  taken  place  since  the 
^treat  of  the  ice  sheet  and  before  the  retrograde  movement  of 
le  local  glacier  had  reached  the  junction  of  the  South  Fork 
ith  the  main  stream.  However,  the  South  Fork  cafion  does 
Dt  represent  the  average  depth  of  erosion  by  local  glaciers, 
at  rather  the  maximum,  for  in  most  instances  it  has  not  ex- 
seded  half  this  amount. 

Since  the  retreat  of  the  local  glaciers  to  the  upper  valleys 
ae  rivers  have  excavated  chasms,  or,  what  are  usually  termed 
box  cafions,"  fifty  to  one  hundred  feet  deep,  according  to  the 
elocity  of  the  current  and  character  of  the  eroded  rock.  Evi- 
ence  of  this  nature  is  shown  in  the  Uncompahgre  cafion  near 
)uray,  in  the  cafion  of  the  Animas  above  Elbert,  on  the  Dolo- 
B8  above  Eico,  and  on  the  Lake  Fork  of  the*  Gnnnisop  above 
iake  City.  The  depth  of  these  chasms  gradually  decreases 
oward  the  heads  of  the  streams,  notwithstanding  that  the  fall 
radually  increases,  and  around  the  sources  of  all  the  rivers 
ising  in  the  San  Juan  Mountains  we  find  localities  where  the 
rater  is  flowing  but  a  few  feet  below  the  striated  rock  surface 
f  the  old  glacier  bed. 

It  is  not  unusual  to  find  in  these  mountains  limited  accumu- 
aitions  of  nive  that  never  entirely  disappear.  There  are  two  of 
hese  at  the  head  of  Henson  Creek,  near  the  point  where  the 
Animas  Forks  wagon  road  crosses  the  divide,  at  an  elevation  of 
3.000  feet.  They  are  seldom  less  than  fifty  feet  thick,  from 
00  to  300  feet  wide  and  from  400  to  600  feet  in  length.  I 
isited  the  smaller  of  the  two  on  the  20th  of  September  of  the 
►resent  year  and  found  a  stream  of  water,  caused  by  the  melt- 
ag  of  a  recent  fall  of  snow,  running  the  whole  length  of  its 
rough-like  surface.  Scraping  away  some  of  the  loose  snow  I 
ij?covered  that  the  mass  was  solid  ice,  into  which  light  was 
"ansmitted  some  distance.  It  seems  moderately  certain  that 
lie  Glacial  period  of  this  portion  of  the  Rocky  Mountains  ex- 
jnded  nearly  up^o  the  present  time  and  that  the  nivi  accumu- 
itions  found  on  the  head  of  Henson  Creek,  and  elsewhere,  are 
tie  remnants  of  the  ice  envelope,  which,  at  a  remote  period, 
overed  nearly  the  whole  of  the  habitable  portions  of  Hinsdale, 
»an  Juan,  Ouray  and  San  Miguel  Counties,  and  a  large  portion 
f  the  Counties  of  La  Plata,  Dolores  and  Rio  Grande,  extend- 
ag  over  a  territory  of  more  than  4,500  square  miles,  or  about 
qual  to  the  area  of  Arapahoe  County. 
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Regarding  the  comparative  excess  of  ice  oa  the  Pacific  slope 
of  the  mountains,  I  think  some  explanation  may  be  foood  in 
the  cause  producing  an  excess  of  water  on  that  slope  at  the 
present  time.  Inspection  of  one  of  the  official  maps  of  this 
region  shows  that  the  Continental  Divide  forms  a  long  elh'ptical 
curve  opening  to  the  eastward,  enclosing  the  country  drained 
by  the  Rio  Grande,  and  in  general  conforming  to  thecontourof 
greatest  mean  elevation.  An  examination  of  the  eruptive 
rocks  of  different  localities  indicates  that  the  present  curve  rep- 
resents approximately  the  trend  of  the  Continental  D.vide  at 
the  close  of  the  last  period  of  disturbance,  for  we  find  rocks 
belonging  to  the  more  recent  overflows  dipping  from  the  Conti- 
nental Divide  into  the  Rio  Grande  valley,  so  that  the  rocks 
occurring  between  Del  Norte  and  Wagon  Wheel  Gap  are  con- 
temporaneous with  those  found  near  the  divide,  north,  south 
and  west.  Asa  result,  nearly  four-fifths  of  the  region  circum- 
scribed by  the  contour  of  8,000  feet  is  thrown  west  of  the 
divide,  and  this  fact  sufficiently  explains  why  there  is  such  a 
limited  volume  of  water  flowing  to  the  east  as  compared  with 
that  flowing  to  the  west,  which  is  to  be  referred  to  topograph- 
ical rather  than  to  meteorological  conditions.  There  can  be  no 
doubt  that  the  last  period  of  disturbance  antedated  the  period 
of  glaciation  and  that  therefore  the  greater  accumulation  of 
ice  on  the  western  slope  was  due  to  substantially  the  same 
cause  that  now  determines  the  greater  flow  of  water  in  that 
direction. 


Art.  XL VI. —  Qender  of  Names  of  Varieties;  by  Asa  Gray. 

Among  other  subordinate  questions  in  Natural -history  No- 
menclature, it  has  been  asked  whether  names  of  varieties,  like 
those  of  species,  should  conform  in  gender  to  the  genu?,  or 
whether  they  may  not  as  well  conform  to  the  word  varidas^ 
and  so  always  be  feminine. 

Linnaeus  introduced  the  current  practice  of  numbering  varie- 
ties by  the  letters  of  the  Greek  alphabet,  a,  ^,  7*,  etc.  But  to 
some  varieties,  evidently  to  the  more  important,  he  gave  names. 
These  names,  when  adjectives,  were  always  (so  far  as  we  know) 
made  to  agree  in  gender  with  the  generic  name:  ex.  gr. — 

Asparagus  offi/rinalis^  a  maritiinxjts^   p  cUiilis. 
Mesfinhryonthfmmu  ringers,  a  canium,  [i/eUnum. 

In  our  days  named  varieties  play  a  more  and  more  im- 
portant part;  and  all  botanists,  as  a  rule,  appear  to  have  fol- 
lowed the  Linnean   model,  with   now  and   then  a  divergence 
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nrhich  is  readily  explained,  and  which  may  be  said  to  be  acci- 
iental,  such  as 

Ripogonum  dOmm^  var.  leptosUuhya^  Benth. 

This  is  as  one  writes  ** forma  albiflora"  or  "Var.  albiflara^^* 
I  white-flowered  form  or  variety.  But  that  this  is  not  the 
pattern  nor  the  true  construction  of  varietal  names  appears  at 
>nce  on  reference  to  ordinary  cases.  Thus,  for  example,  in 
^Nasturtium  amphibium,  a  indivisum,  DC.  Syst.,"  it  is  not 
in  undivided  variety  of  the  species  that  is  meant,  but  a 
name  which  stands  in  the  same  grammatical  relation  to  Nastur- 
\ium  that  amphibium  does,  and  to  write  N.  amphibium,  a  tndi- 
insa,  is  obviously  wrong.  We  should  say  that  it  makes  no 
difference  whether  the  word  variety,  or  its  abbreviation  var.  is 
expressed  or  understood.  When  the  conditions  of  th^  case  seem 
to  call  for  it,  we  should  write  N.  amphibium^  var.  a  indivisum^ 
iusi  as,  if  it  were  ever  needful,  we  might  write,  ^^Nasturtium, 
ipec  amphibium,'^'*  and  just  as  L.  C.  Richard  (a  good  model),  in 
Aichaux's  Flora  writes. 

Viburnum  dentatam,  var.  a  glaheGumy   fi  semUomerUosum. 
Rhus  Toxicodendrotiy  var.  a  vulgar e^  p  querdfolium. 

The  editor  of  the  Gardener's  Chronicle  (March  22,  p.  373), 
having  put  this  kind  of  question  to  M.  Alphonse  de  Candolle 
[whom  we  should  consider  the  highest  living  authority  upon 
nomenclatural  matters),  understands  him  to  reply  that  "the 
insertion  of  the  abbreviation  var,  for  varietas,  which  is  femi- 
3ine,  demands  a  feminine  termination  ;  but  if  the  word  var.  be 
)mitted,  then  the  rule  would  be  for  the  variety  to  follow  the 
ipecific  name;^' — meaning  probably  the  generic  name,  for  in 
)ne  of  the  examples  given,  "  Thymus  Serpyllum^  j9  montanuSj^ 
t  does  not  follow  the  specific. 

From  this  point  of  view,  viz:  that  where  the  nature  of  the 
proup  (in  this  case,  variety)  is  expressed  the  adjective  name 
ihould  be  feminine,  but  where  only  understood,  it  might  be 
nasculine  or  neuter — we  must  commend  the  editor's  closing  re- 
nark  : — 

"  Perhaps  the  simplest  and  most  easily  recollected  rule,  would 
oe  to  mate  the  varietal  name  feminine  in  all  cases,  whether 
the  var,  or  varietas^  were  expressed  or  understood.  This  at 
least  would  be  intelligible,  and  would  conduce  to  uniformity 
3f  practice." 

It  would  also  be  logical,  and  the  logic  also  would  require  all 
specific  names  to  be  feminine;  for  the  word  understood,  species^ 
is  feminine. 

Now  we  do  not  suppose  that  M.  de  Candolle  would  tolerate 
a  double  set  of  genders  for  the  names  of  varieties.  His  doctrine 
is  that  the  "  var."  should   be  discarded  and  the  Greek  letters 
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only  employed,  not  only  for  numbering  the  varieties,  but  for 
designating  the  fact  that  the  name  they  are  prefixed  to  is  a 
variety. 

It  is  not  difficult  to  perceive  why  it  has  come  to  pass  that 
"English  writers  generally  use  the  abbreviation  van,"  and  that 
some  continental  botanical  writers  follow  the  practice.  One 
reason  is,  that  it  enables  us  to  cite  an  author's  variety  by  its 
name  without  having  to  concern  ourselves  with  its  Greek  num- 
ber, whether  it  is  /9  or  ^'or  5,  which  otherwise  we  should  have  to 
attend  to.  Another  is,  that  our  sense  of  good  form  revolts  at 
beginning  sentences  and  paragraphs  without  capitals.  In  our 
books,  varieties  usually  stand  in  independent  paragraphs.  Even 
in  Latin  we  do  not  like  to  begin  a  paragraph : — 

*'a  indi visum ^o\i\B  omnibus  integ^errimis  serratisve,  non  aut  viz  baai  auricula^" 

In  English  we  can  still  less  abide  it.  So  we  prefix  *' Var./' 
and  either  number  our  varieties  with  Greek  letters  or,  preferen- 
tially, leave  them  out. 

But,  we  did  not  suppose  that  by  the  employment  of  the 
word  **  Var."  we  had  interfered  with  the  relation  of  the  name 
of  the  variety  to  that  of  its  genus.  Var.  indivisum,  in  this 
case,  we  should  construe  the  phrase :  **  Varietas  cujus  nomen 
eat  ijidivisum,  *Van  indivisum^  stands  on  the  same  ground 
as  'species  amphibiumJ* ^^  The  latter  rank  we  rarely  need  to 
express,  because  we  always  prefix  the  generic  name  or  its 
initial.  Tlie  former  may  often  come  in  a  shape  which  renders 
the  designating  prefix  var,  necessary,  or  at  least  most  convenient 

We  may,  indeed,  quite  correctly  write,  var,  albiflora^  a  white- 
flowered  variety,  var,  loiigifolia^  a  long-leaved  variety:  but  that 
is  not  according  to  the  Liimean  pattern  nor  to  the  regular  prac- 
tice, nor  to  the  strict  analogy  of  the  varietal  name  with  the  spe- 
cific. 

Moreover,  if  the  gender  of  the  word  which  designates  the 
grade  of  the  name  is  to  govern  the  gender  of  the  name,  at  least 
when  expressed,  as  hy  var,^  then  all  subspecies  must  be  made 
feminine.  Now,  this  term  subspecies  is  coming  largely  into  use. 
And  it  has  to  be  expressed  in  every  case,  in  this  wise : — 

liannnadus  Of/uatilis,  L. 
Subap.  htterophyllus. 
Subsp.  ht'deniceuSy  etc. 

If  the  [)roposition  which  we  deprecate  is  adopted  these  names 
would  have  to  be  written  lielerophylla  and  hederacea  by  an  author 
who  ranked  them  as  subspecies  but  hekrophi^Uas  ^wA  hederacevs 
by  one  who  took  them  as  varieties  and  simply  numbered  them 
by  Greek  letters.  Obviously  the  propositions  in  the  Gardeners' 
Chronicle  had  not  been  thoroughly  worked  out. 
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[".  XLVIL — On  Secondary  enlargements  of  Feldspar  frag* 
xnts  in  certain  Keweenawan  sandstones  ;  by  C.  A.  Vanhise. 

ECENT  observations  by  Sorby,*  Irving,f  and  others^  have 
wn  the  occurrence  in  sands  and  sandstones,  and  even  in  the 
X  indurated  quartzites,  of  a  secondary  quartz,  so  placed  upon 
1  one  of  the  original  grains  of  quartz  as  to  be  crystallograph- 
ly  continuous  with  it.  This  occurrence  and  the  explanation 
rded  by  it  of  the  change  of  a  sandstone  to  a  quartzite,  nat- 
ly  lead  the  lithologist  to  query  whether  sinailar  enlargements 
T  not  occur  in  the  cases  of  other  minerals  found  as  particles 
rocks  of  fragmental  origin,  and  thus  still  further  light  be 
)wn  upon  the  origin  of  some  of  the  crystalline  schists, 
iney,  for  instance,  in  speaking  of  certain  of  the  crystalline 
cs  of  Cornwall,  England,  conjectures  the  possibility  of  such 
urrences  in  the  following  words.g  "These  larger  feldspar 
ins,  for  instance,  may  have  as  their  nuclei  feldspar  grains 
ch  were  original  constituents,  and  may  have  survived  the 
lolution  of  the  finer  sedimentary  materials  in  which  they 
e  imbedded.  Then  in  the  process  of  re-constitution,  feld- 
r  (not  perhaps  always  of  the  same  species)  may  have  been 
ed  to  feldspar,  quartz  to  quartz,  mica  to  mica  and  hom- 
ide  to  hornblende  or  altered  augite." 

)f  the  minerals  mentioned  by  Bonney,  quartz  and  the  feld- 
rs,  because  of  their  abundance,  are  evidently  by  far  the  most 
•ortant  For  some  time  past,  during  my  microscopic  studies, 
ave  been  on  the  outlook  for  evidences  of  the  existence  of 
irgements  of  feldspar  fragments.  In  the  slate  conglomerates 
he  north  shore  of  Lake  Huron,  I  have  found  what  seem  to 
enlarged  feldspar  grains,  but  the  evidence  that  any  of  the 
^rial  is  of  secondary  origin  is  not  suflBciently  satisfactory',  the 
s  of  separation  between  the  supposed  new  material  and  the 
lei  being  ill  marked.  However,  I  have  found  what  seem 
mainly  to  be  additions  to  grains  of  that  mineral,  in  certain  of 
Keweenawan  feldspathic  sandstones.  The  specimens  in 
ich  these  supposed  enlargements  were  first  found  are  taken 

PresideDtial  Address  before  the  Geologrical  Society  of  liOndon,  Q.  J.  G.  S., 
xxjcvi,  IJ3. 

On  the  Nature  of  the  Induration  in  the  St.  Peters  and  Potsdam  Sandstones, 
in  certain  Archaean  Quartzites  in  Wisconsin,  by  R.  D.  Irving,  this  Journal, 
XXV,  401. 

Young,  this  Journal,  111,  xxiv.  47  ;  Wadsworth,  Bost  Soc.  Nat  Hist.,  Feb.  7, 
I ;  Philips  and  Bonney,  Q.  J.  Cj.  8.,  xxxix. 

10  same  occurrence  was  noted  in  the  quartzites  of  Kureka,  Nevada,  by  Id- 
%  and  Arnold  Ilague  as  long  ago  as  the  summer  of  1881,  althotigh  those  ob- 
ations  are  not  yet  published. 

The  Hornbleudic  and  other  Schists  of  the  Lizard  District  with  some  addi- 
\\  notes  on  the  Sorpentino.  by  T.  0.  Bonney,  Q.  J.  G.  S.,  xxxix,  19. 
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from  those  portions  of  the  sandstones  almost  in  contact  witb 
overlying  basic  eruptives.  This  location  is  evidently  a  favor- 
able one  for  the  Jeveloptnent  of  such  enlargements,  the  heated 
alkaline  waters  which  would  naturally  descend  from  the  over- 
lying lavas  supplying  appropriate  conditions.  Then  too,  quartz 
enlargements  when  moat  easily  found,  are  shown  by  lines  oF 
ferrite  about  the  nuclei,  and  nre  ordinarily  best  seen  in  the  leas 
indurated  quarizites.  The  Keweenawan  sandstones  are  highly 
ferrugi nou.t,  and  are  of  an  open  texture  ;  hence,  if  among  tBem 
feldiipars  have  taken  new  growths,  the  conditions  for  their  de- 
tection are  favorable. 


FIk-  !•  Port  of  twtion  of  «»ml»tiinB  from  feaicle  Harbor.  MiL-b.,   «  100;  myiiM- 
iofA  li(cht.      AA^    frnpiiierts.  pkcIi   from  a  Biiiple  feldnpar  individual:  oao, 
dims  of  iriin  im  k  im  riio  border"  of  Uio  on((inal  grnins;   BKB,  seooodarT 
cnlargPliioiit  at  tin   onuiiinl  (rrsins     (.    quartz  (rrnnis;   DI),  unfilled  apaoea: 
KK.  scnilidarj  fpliliTiar  prni'"'  polarizing  iridapomlently  of  Uio  original  groins 
The  fehlspathK,  s<in(l<!tone  immediately  underlying  the  dia- 
base of  Eiigle  IHrbor  Micliigan,  is  of  i  uniform  medium  gmin, 
a  mrif  nifyinfr  el  i'''*  showing   but  little  quarlz.     The  feldspar 
grains  ur(i  stiiined  led  with  iron  o\ide      Hydrochloric  acid  gives 
with   the   po\nler  a  slight  effervescence      In  thin  section  the 
sandstone  is  set  ii  to  be  composed  largely  of  grains  of  different 
fcldapnrs,  neM  to  winch   in  abundance  are  rounded  complei 
fragments  derival    from  a  granitic   porphyry,*  consisting  of 

•Thi^  Copper  Bi-aritic    Rocks  of  Uke  Superior;  hj  K.  D.  Trviiig.     Thir.1  An- 
nual Report  llniloil  Ptati^s  lieoloKical  .Survey,  p.  IM. 
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feldspars  penetrated  by  a  saturating  quartz.  Next  in  order  of 
abundance  are  complex  fragments  uf  some  altered  basic  rocks. 
Finally  a  few  grains  of  quartz  and  a  little  secondary  calcite  are 
noted. 

The  feldspars  are  frequently  somewhat  kaolinized,  but  most 
of  the  grains  are  fresh  enough  to  give  quite  uniform  colors  in 
polarized  light,  and,  in  the  case  of  the  plagioclases,  well  de- 
fined twinning  bands.  The  grains  are  all  rounded,  their 
boundaries  being  marked  by  broad  lines  of  ferrite.  However 
some  subsequent  mineral  has  used  these  grains  as  nuclei,  about 
which  to  deposit,  and  now  each  individual  appears  in  the 
polarized  light  to  extend  beyond  its  original  limila.  These 
newly  formed  borders,  as  compared  with  the  interiors,  are  dif- 
ferent, in  that  they  show  no  decomposition,  and  are  freer  from 
iron  staiiis.  When  the  borders  from  different  feldspathic 
grains  have  extended  so  far  as  to  come  in  contact,  aa  they 
u.sually  have  done,  they  form  sharply  serrate,  nicely  fitting 
junctions,  which  are  roughly  comparable  to  the  suture  of  a 
skull  (fig.  1.) 


% 


^g.  2.    Id  polarized  li^ht;    1 100.      FIngioclaite  from  Esf(le  Harbor  sandstone, 
Bhowiog  crystal  log  raphie  continuity  of  original  grain  and  secondary  enlarge- 

Fig.  3.   In  polnrized  light ;   x  100.     Kragment  of  a  grain  of  a  granitic  porphyry 
from  Eagle  Ilarlior  Bnndftonc. 

This  newly  added  material  nppears-to  be  feldspar  which  has 
coordinated  crystal lo^raphically  with  the  grains  abimt  which 
it  has  deposited.  It  possesses  no  optical  properties  which 
would  exclude  that  mineral,  but  cleavage  and  decomposition 
being  absent,  no  comparison  with  the  feldspars  can  be  made 
as  to  those  characteristic  features.  The  belief  that  the  new 
material  is  feldspar  is,  however,  supported  by  the  following 
facts. 

When  the  enlarged  feldspar  is  orthoclase,  the  deposited  sub- 
stanie  polarizes  uniformly  with  the  nucleus  about  which  it  is 
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Been  (fig.  1),  exactly  aa  quartz  enl&raementB  polarize  with  the 
grains  on  which  they  have  grown.     Further,  when  plagioclase 

IS  enlarged,  as  it  frequently  is,  the  new  material  has  twinned 
uniformly  with  the  old,  the  twinning  bands  in  polarized  ligbt 
running  continuously  across  cores  and  the  added  borders  (fig. 
2).  This  phenomenon  was  ob.''erved  in  many  ditferent  grains 
and  in  different  sections. 

Again,  the  complex  fragments  above  mentioned  as  derived 
from  a  frranitic  porphyry,  and  as  containing  quartz  and  feld- 
spar, often  have  bnrders  of  new  material  and  the  added  por- 
tions resemble,  and  usually  polarize  with,  the  feldspars  instead 
of  with  the  tjliartz,  with  which  they  would  naturally  coordi- 
nate, if  with  either,  were  they  composed  of  silica.  Frequently 
the  exteriors  of  this  cliiss  of  grains  are  apparently  all  of  feld- 
spar, even  when  a  third  or  more  of  the  edges  of  the  original 
fragments  (and  in  some  places  for  considerable  spaces  con- 
tinuously) are  of  quartz  (fig,  3).  The  grain  figured  eonsiats 
of  part  of  a  single,  orlhoclase  individual,  including  several 
areas  of  quartz.  The  secondary  enlargement  polarizes  with 
the  feldspar  throughout  its  area. 


^_-_. 


Fi^-.  4.  Ill  piiliirizod  liKlit ;  x  100.  Pnrt  nf  xeclion  of  Ka^le  Harbor  Ban ilsUnr. 
«howiii|{  1111  "riliDolane  rrnf;rauiit  hmkon  utid  re-comonteii  lij  H  necondiij 
iiuiluriiil  iTyHtall'iKrnpliiivillT  ciiniiuuouB  witli  tlie  original  fragmeol  ami  widi 
thf  lionltT  of  newly  deim^ileJ  material. 

Finally,  the  complex  basic  fragments  also  have  their  borders 
of  new  material.  These  ba,sic  grains  are  often  very  feldspnthic, 
t!ie  feldspar  individuals  being,  however,  small.  Here  an  en- 
largement instead  of  being  a  unit,  ;is  it  commonly  is  in  the  pre- 
ceding cases,  consists  of  several  or  many  individuals.  The 
fehhspars  at  the  edge  of  the  nucleus  have  ordinarily  controlled 
the  new  gn>wlh,  so  that  the  new  material  polarizes  in  parts 
witli  the  oil!  interior  gruins.  These  parts  have,  however,  often 
extendeil  upon  each  side  beyond  the  adjacent  feldspara,  and 
thus  at  times  overlapped   other   feldspars — whose    conditions 
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were  less  favorable  for  renewed  growth— or  other  minerals,  if 
such  chanced  to  be  in  contact  with  the  division  line  between 
the  clastic  fragment  and  its  border  of  new  material. 

The  change  which  has  taken  place  in  one  grain  oF  orthoclase 
is  of  some  interest.  The  grain  has  been  broken  into  two  parts, 
which  have  spread  somewhat,  and  is  now  cemented  with  a  new 
material  which  extinguishes  with  the  original  fragments,  and 
also  with  the  exterior  second  growth,  with  which  it  is  continu- 
ous in  one  place  (fig.  4). 

In  some  cases  the  new  material  deposited  on  a  grain,  instead 
of  continuing  as  a  single  individual  until  it  meets  a  similar 
growth  from  another  grain  has  crystallized  independently  in 
small  interlocking  grams  (fiyr.  1).  This  independent  feldspar 
(if  we  are  correct  in  so  considering  it)  is  more  plentiful  about 
ihe  basic  fragments  than  about  the  feldspar  grains  or  those  of 
ihegranitic  porphyr}'. 

Uncoverea  thin  sections  were  prepared  and  the  supposed 
feldspar  enlargements  tested — so  far  as  practicable — as  to  hard- 
ness with  a  needle  and  as  to  solubility  in  hydrochloric  acid. 
With  diflSculty  some  of  them  were  scratched,  and  they  were 
not  affected  by  the  acid.  The  results  of  these  tests  accord 
well  with  the  idea  that  the  borders  are  feldspars,  and  show  that 
they  cannot  be  a  carbonate. 

Most  of  the  sections  of  the  Eagle  Harbor  sandstones  also 
show  quartz  enlargements,  but  in  one  none  were  seen. 

This  same  secondary  material  has  been  found  in  other  sand- 
stones in  the  Keweenawan  series,  and  in  two  cases  the  sand- 
stone directly  underlies  "greenstone."  Descriptions  of  these, 
however,  will  not  be  given,  as  they  furnish  no  additional  points 
of  interest. 


SCIENTIFIC    INTELLIGENCE. 

I.  Chemistry  and  Physics. 

1.  On  the  Metaanlphitea, — Berthelot  has  investigated  the 
formation  and  properties  of  a  salt  which  he  calls  the  roetasul- 
phite  of  potassium.  It  was  prepared  by  saturating  a  cold  or  hot 
concentrated  solution  of  potassium  carbonate  with  sulphurous 
oxide  gas,  and  drying  at  120®  the  salt  which  separated  by 
crystallization.  Though  called  anhydrous  bisulphite  by  Muspratt 
and  Marignac,  it  was  found  to  have  the  formula  S  O^K,.  It  is 
characterized  by  the  heat  of  its  formation,  by  its  staoility,  bv  its 
capacity  of  forming  hydrates  and  even  solutions  distinct  from 
those  of  normal  bisulphite,  and  by  its  pyrogenic  reactions.  The 
direct  formation  of  bisulphite  ovolvos  16*0  calories  at  lo°;and, 
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if  it  reacts  at  once  upon  a  second  equivalent  of  potasfiium  hydrate 
it  evolves  15*2  calories  more.     Rut  if  the  solution  be  carried  to 
100®  in  a  closed  vessel  out  of  contact  with  the  air,  it  is  found  that 
on  saturating  with  potash  only  12*9  calories  are  evolved  in  place 
of  16 -2.     Hence  the  bisulphite  undergoes  this  change  to  nietasul- 
phite  even  in  solution.     If  now  the  metasulphite  be  dissolved 
directly    in  water  and  saturated  with  potash    12*7  calories  are 
evolved.     Dissolved  directly  in  a  solution  of  caustic  potash  6*9 
calories  are  evolved  ;  and  this  added  to  the  5*7  calories  due  to 
the  solution,  gives  1 2 "(5  as  before.     Even  if  the  solution  of  meta- 
sulphite be  heated  to  boiling  and   preserved   three  days,   it  still 
evolves  12*5  calories  on  being  saturated  with  potash.     Solutions 
of  bisulphite  on  the  contrary  recently  prepared,  give  15*2  calories 
when  saturated  with  potash  ;  while  after  standing  for  a  while,  or 
on  heating,  they   evolve  only   12*6  calories  when    thus  treated. 
The   formation    of  the    metasulphite  then   from    the   bisulphite 
evolves  15*2  — 12*6=2'6  calories.     This  evolution  of  heat  explains 
the  stability  of  the  metasulphite  and  its  production  in  solution. 
These  results  arc  the  reverse  of  those  which  occur  with  sulphates. 
The  anhydrous   bisulphate   S^O^K,   is  transformed    into   normal 
bisulphale   in    presence   of  water,    with  evolution  of  heat  (1-45 
calories).     Deeming  it   of  importance  to   ascertain  whether  the 
metasulphite  is  really  converted  into  neutral  normal  sulphite  by 
potash  in  excess,  the  experiment  was  tried  and,  immediately  after 
measuring  the  resulting  heat,  one  equivalent  of  dilute  hydrochloric 
acid  was  added  to  the  solution,  and  the  heat  again  determined. 
The  sum  of  the  two  effects  was  found  to  equal  precisely  that  of 
the   heat  of  neutralization    of  hydrogen   chloride   by  potassium 
hydrate,  14*0  calories  at  10°;  thus  proving  that  there  had  heen  no 
auxiliary  reaction  of  the  sort  supposed.     Further  the  author  finds 
that  on  precipitating  with  alcohol  a  solution   of  jmtassium  car- 
bonate   saturated  with  sulphurous  oxide  gas,  he  obtained  com- 
pounds which  were   not    normal    bisulphite,  but   contained  less 
water.     Hence  tlic  hydrate  formed  is  capable  of  losing  its  water 
without  losing  any  sulplnirous  oxide.     This  view  is  confirmed  by 
the  heat  ofsohition,  wlVuh  is  the  same  for  the  anhydrous  and  the 
hydrated  metasulphite.    Under  the  action  of  heat,  the  dry  metasul- 
phite does  not  change  at   150°  ;   but   toward  a  dull   red   heat  it 
evolves  sulphurous  oxide  though  without  producing  any  neutral 
sulphite ;  the  reaction  beincr  (S,OJ^J,=  (SO J\:^),-f.S(),+S.    Hence 
the  metasulphite  has  relations  to  the  normal  bisulphite  resembling 
those  which  distinguish  the  ethylsulphites  properly  so  called  (C, 
HJ^O.K/).S^O^   produced   by    the    decomposition    of   sulphurous 
etlier  by  alkalies,  from  the  cthylsidphites  (C^Hj^S  O^.K^O  (other- 
wise called  hydrcthylsulphates)  obtained  by  the  oxidation  of  ethyl 
sulphides.     The  author  gives  the  relations  of  the  acids  of  sulphur 
as  follows  together  with  the  heat  of  their  formation  :     1st  list. 
Ratio  S:  K.     Sulphide  K,S,4-5.3  ;  hyposulphite  S,0,K„  +  133-7; 
metasulphite  S/)^K„+184-g";  hyposulphate  S,O.K,-|-205-7  ;  bisul- 
phate   (metasulphate)    S.p  Jv„4-2;J0-G ;    persulphate   S,0,K,:   2d 
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it,  ratio  S :  K,.  Sulphide  SK„+102-2  ;  sulphite  K,SO  ,+272  6 ; 
Ipbate  SO,K„ + 342-2.  —^nn.  Chim,  Phya.,  VI,  i,  81,  Jan.  1884. 

G.  F.  B. 

2.  On  the  Hyponitrites, — Divers  and  Haga  have  replied  to  the 
iticisms  of  Berthelot  and  Ogier  upon  the  hyponitrites.  The 
tier  chemists,  finding  a  low  percentaj^^e  of  silver  in  the  silver 
rponitrite  prepared  by  them,  assigned  to  it  the  formula  Ag^N^O^ 
Btead  of  AgNO  given  by  Divers.  The  former  chemists  point 
It  that  a  trifling  admixture  of  nitrite  or  nitrate  would  have  pro- 
leed  the  observed  result,  that  there  is  nothing  to  show  that  the 
ibstance  analyzed  was  not  thus  admixed,  and  that  the  formula 

antecedently  quite  improbable.  However,^  to  establish  the 
dstence  of  the  body  AgNO,  they  prepared  various  samples  of 
le  hyponitrite,  using  various  methods  of  purification.  As  a 
suit,  they  were  able  to  increase  the  percentage  of  silver  from 
►  •5  the  highest  value  obtained  by  Berthelot  and  Ogier,  to  77*69; 
e  percentage  required  by  the  formula  AgNO  being  78*3.  The 
^►eriments  are  still  in  progress,  the  authors  expecting  to  im- 
ove  upon  these  results  in  the  future. — J,  CJtem,  Soc,  xlv,  78, 
arch,  1884.  G.  f.  b. 

3.  On  Ferric  ethykUe  wid  colloidal  Ferric  hydrate, — Grimaux 
s  succeeded  in  producing  a  colloidal  ferric  hydrate  by  a  new 
Jtbod.  If  3*25  grams  ferric  chloride  be  dissolved  in  26  o.c.  of 
solute  alcohol,  and  a  solution  of  1*4  grams  sodium  in  the 
[ue  weight  of  alcohol  be  gradually  added,  a  precipitate  of 
dium  chloride  is  at  once  formed  and  the  dark  brown  liquid  con- 
ins  all  the  iron  in  the  state  of  ferric  ethylate  with  not  a  trace 

chlorine.  On  distilling  off  the  alcohol,  a  black  pastv  mass  of 
altered  ferric  ethylate  is  left,  which  is  soluble  in  absolute  alco- 
1,  in  benzene,  chloroform,  petroleum  ether  and  methyl  alcohol, 
trace  of  water,  however,  transforms  it  into  ferric  hydrate.  Its 
3oholic  solution  is  not  precipitated  by  a  current  of,  dry 
imoniagas;  though  dry  carbon  dioxide  throws  down  a  dark 
own  preci|)itate  and  hydrogen  sulphide  gives  ferrous  sulphide, 
icposed  to  the  atmosphere,  the  alcoholic  solution  absorbs  mois- 
re  and  gives  a  thick  coagulum  of  ferric  hydrate.  If  however 
e  ethylate  solution  be  poured  into  an  excess  of  water,  a  limpid 
juid  is  obtained  which  presents  nil  the  appearance  of  the  coUoi- 
il  ferric  hydrate  described  by  Graham.  It  coagulates  sponta- 
jously  after  a  longer  or  shorter  time,  or  on  the  application  of 
?at.  At  the  temperature  of  19^,  half  its  volume  of  water 
•oduces  immediate  coagulation  while  15  volumes  produces  a 
>aguluni  only  after  three  days.  With  ten  volumes  of  water,  the 
lution  coagulates  at  once  only  on  ebullition.  This  variety  of 
>IloidaI  ferric  hydrate,  which  is  always  slightly  alkaline,  is  con- 
ierably  less  soluble  than  that  of  Graham,  which  is  feebly  acid. 
lie  author  calls  attention  to  the  similarity  of  coagulation  in  the 
se  of  these  mineral  colloids  with  that  of  the  nitrogenized 
►Uoids  of  the  organism.  The  coagulation  in  both  cases  is 
tarded  by  cold ;   a  blood  which  coagulates  in  five  minutes  at 
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11*5^,  requiring  only  two  minutes  at  35*  and  one  minute  at  48*8^ 
With  the  inorganic  colloids  the  author  regards  the  phenomenon 
as  simply  a  polymerization. — BuU,  Soc.   (Jh.,  II,  xli,  Feb.,  1884. 

G.  F.  B. 

4.  On  the  Synthesis  of  Piperidine  and  its  Homologties, — By 
treating  pyridine  with  sodium  in  alcoholic  solution  Ladenruro 
succeeded  some  months  ago  in  preparing  piperidine.  Since  that 
time  he  has  improved  the  method  so  as  to  obtain  nearly  the  quanti- 
tative yield.  He  has  also  prepared  some  interesting  homologues 
of  this  base.  Picoline  from  animal  oil,  boiling  between  134®  and 
139°  and  hence  a  mixture  of  a-methyl-pyridine  with  some  /^-methyl- 
pyridine,  was  treated  as  above,  distilled,  saturated  with  HCl  and 
evaporated  to  dryness.  The  residue  was  converted  into  the 
nitroso-compound,  extracted  with  ether  and  decomposed  with 
HCl.  The  hydrochlorate,  distilled  with  HKO,  and  purified, 
gave  a  colorless  oil  boiling  at  121-124°,  consisting  essentially  of 
a-methyl-piperidine  C\H,(CHjNH  isomeric  with  the  methyl- 
pi  peridine  prepared  by  Hofmann  CjH,^NCH,.  The  author  has 
also  prepared  ethyl  piperidine  from  v-ethyl-pyndine  by  the  same 
reaction. — Ber,  BerL  Chem  Ges.^  xvii,  388,  March,  1884. 

G.  F.  & 

5.  On  a  Vacuum  regulator  for  fractional  Distillations, — Godb- 
FROY  has  described  a  simple  and  efficient  regulator  for  preserving 
constant  the  vacuum  employed  in  fractional  distillations.  The 
apparatus — whose  size  may  be  varied  according  to  the  purpose 
intended — consists  of  two  somewhat  large  vertical  glass  tubes 
united  at  their  lower  ends  by  a  fine  tube.  One  of  these  (A)  ter- 
minates above  in  a  stopcock  and  funnel ;  the  other  (B)  is  extended 
above  by  a  tube  over  which  a  rubber  tube  is  pasjjed  to  connect 
the  regulator  with  the  distilling  apparatus;  the  U>wer  end  is 
closed  by  a  three-way  cock,  on  the  side  of  which  is  the  fine  tube 
connecting  with  A.  On  the  side  of  the  tube  B  are  two  openings 
one  above  the  other  and  about  a  centimeter  apart,  each  having  a 
tube  two  millimeters  in  diameter,  bent  at  right  angles  and  rising 
parallel  to  the  tube  itself.  The  lower  one  of  these  terminates 
above  by  a  bulb  and  tube,  to  which  the  rubber  tube  is  attached 
leading  to  the  exhaust.  The  lower  tube  passes  through  the  side 
of  this  bulb  and  is  recurved.  When  not  in  use  A  is  entirely 
filled  with  mercury  and  Ji  contains  more  or  less  according  to  the 
vacuum  desired.  On  working  the  exhaust,  as  soon  as  the  pressure 
in  B  is  less  than  will  support  the  mercury  column  in  A,  this  column 
falls  and  the  mercury  rises  in  B,  cutting  off  first  the  lower  and 
then  the  upper  lateral  tube.  The  exhaustion  can  now  proceed  no 
farther,  until  iiir  enters  from  the  distilling  apparatus;  then  the 
mercury  level  tails  below  the  opening  of  the  lateral  tube  and  the 
air  is  drawn  through  this  tul>e  into  the  exhaust.  A  graduation 
permits  the  difference  of  level  of  the  mercury  in  the  two  tubes  A 
and  B  to  be  read  off,  and  thus  the  pressure  under  which  the 
distillation  is  effected,  to  be  determined. — Ann.  Chim,  Phys,,  VI, 
i,  13R,  Jan.,  1884.  •;.  F.  R. 
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.  On  a  new  Temperature' regulator.  —  Lotuab  Mbybb  has 
ised  a  modified  form  of  temperature-regulator  which  is  ex- 
dingly  sensitive.  It  consists  of  a  brass  tube,  to  be  immersed 
the  air  bath,  within  which  is  a  glass  rod.  Supported  on  the 
)er  end  of  this  tube  is  one  end  of  a  lever  40  cm.  long,  the 
•port  acting  as  the  fulcrum.  Near  this  end  is  a  screw,  the 
'er  end  of  which  rests  upon  the  end  of  the  glass  rod.  Since 
expansion  of  glass  is  only  about  half  as  great  as  that  of  brass, 
outer  end  of  the  lever  is  moved  down  as  the  heat  rises  and 
as  it  falls.  To  this  arm  of  the  lever,  and  adjustable  as  to 
tance,  is  hung  by  means  of  a  chain,  an  apparatus  like  the 
)er  part  of  a  Kemp-Bunsen  regulator.  The  gas  passes  down  a 
tral  tube  of  sheet  iron,  having  a  slit  at  the  lower  end  immersed 
mercury ;  it  then  passes  through  the  slit  into  an  outer  tube 
glass,  and  so  on  to  the  burner.  Obviously  as  the  temperature 
js  the  lever  falls,  the  iron  tube  sinks  deeper  in  the  mercury, 
rteus  the  slit  and  diminishes  the  flow  of  gas.  The  lateral 
es  for  the  entrance  and  exit  of  the  gas  are  similarly  movable 
1  sealed  with  glycerin.  On  the  thirtieth  of  June  the  tempera- 
3  of  an  air  bath  thus  regulated  varied  only  five  degrees  in  an 
eriinent  lasting  six  houra. — Ber,  Berl,  Chem.  Ges.^  xvii,  478, 
rch,  1884.  g.  f.  b. 

II.  Geology  and  Mineralogy. 

.  Geology  of  the  Panther  Creek  Basi7i  or  eastern  eiid  of  the 
ithern  field ;  by  C.  A.  Ashburner.  208  pp.  8vo,  with  an 
^s  of  13  sheets  of  maps. — Report  AA,  Geological  Survey  of 
iDsylvania.  Ilarrisburg,  1883. — The  Atlas  of  this  report  is 
iced  at  length  in  the  last  volume  of  this  Journal.  The  report 
ea  details  with  regard  to  the  sections — their  strata,  flexures, 
hracite  beds,  the  topography  and  other  characters  of  the  difl^er- 

basins,  the  variations  of  the  beds  in  thickness,  etc. ;  also  the 
rking  and  production  of  the  mines,  the  constitution  of  the 
Is,  the  contents  of  the  anthracite  beds  of  the  whole  region,  and 
er  points  of  economical  and  scientific  importance.  The  sec- 
is  have  much  geological  interest  as  illustrations  of  the  subject 
flexiires  in  rocks.  We  here  reproduce  one  of  them,  but  much 
iuced  in  scale  and  with  the  omission  of  the  statements  as  to  the 
ids  of  intervening  strata  and  the  parts  of  the  coal  beds  that  have 
*n  worked.  It  is  the  section  from  Neshequehoning  Valley  to 
luch  Chunk  through  Khume  Run  (No.  1)  Tunnel  (sheet  No.  1  of 
J  atlas  and  page  47  of  the  Report).  Mr.  Ashbumer  observes 
It  Prof.  Rogers'  Report  of  the  first  survey  of  the  State  gives  a 
^gram  of  the  same  section  from  surveys  in  1840,  and  others  have 
ce  been  constructed.  This  latest  has  the  advantage  of  being 
sed  on  all  explorations  made  to  the  present  time  and  the  new- » 

identifications  of  the  coal  beds.  In  the  section  E,  E*,  E",  are 
tcrops  of  the  "Mammoth  bed,"  13  to  27  feet  thick;  F  to  F*,  of 
*  overlying  Red  Ash  coal  bed,  8  to  23  feet  thick.     The  whole 
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thicknesB  of  the  anthracite  beds,  from  the  mouth  of  the  tUDoel  « 
through  the  Mammoth  bed,  £,  to  F  inciusive  (the  lower  Red  Ash 
coal  bed^,  is  56  feet.  The  section  illustrates  (1)  the  doubling  of  a 
bed  on  itself,  so  doubling  its  thickness;  (2)  the  uncertainty  of 
determinations  of  the  thickness  of  beds  of  rock  in  a  region  of  flex- 
ures (the  two  parts  of  F  at  F*  being  separated  by  only  a  thin 


outcrop  of  the  thick  strata,  wholly  unlike  what  intervenes 
between  F*  and  F",  and  between  F*  and  F* ;  (3)  the  increase  in 
the  vertical  depth  of  a  bed  where  it  is  doubled  up  in  the  central 
part  of  a  steep  fold. 

In  an  introductory  chapter  to  the  volume,  Prof.  Lesley  suggests 
that  some  abru])t  thickenings  of  the  Pottsville  conglomerate 
(from  300  feet,  the  average,  to  900  and  1 700  feet)  may  perhaps  be 
accounted  for  on  the  principle  alluded  to  in  (3).  He  states  also 
his  conclusion  that  the  Archiean  regions  of  eastern  Pennsylvania 
and  probably  also  of  the  New  Jersey  Highlands  were  wholly 
covered  "by  the  Paleozoic  sediments  at  the  time  of  the  deposit  of 
the  Pottsville  conglomerate."  Prof.  Cook  gives  for  the  height 
of  the  liighest  point  of  the  New  Jersey  Highlands  (2^  miles  south 
of  ViTnon)  (Hep.  for  18s3)  1,490  feet;  what  the  Archiean  rocks 
lost  in  lieijjht  durinij  the  lonix  interval  since  the  Carboniferous 
era  is  without  record. 

2.  (weoloffkal  Snrvei/  of  Ntw  Jersei/;  Report  for  1883,  G.  H. 
Cook,  State  (Geologist.  1 88  pp.  8vo. — Like  all  of  Professor 
Cook's  Reports,  this  new  one  is  valuable  both  from  a  scientific  and 
an  economic  point  of  view.  The  facts  of  practical  bearing  relate 
chiefly  to  the  character  and  exploration  of  iron  ores,  and  at  less 
lenirth,  of  other  ores  and  mineral  products,  and  those  of  special 
geological  interest  are  mostly  from  observations  on  the  Trias!»ic 
sandstone,  the  trap  rocks,  and  the  Archaean  rocks  and  iron  ores. 

The  conclusions  of  Professor  W.  M.  Davis  that,  while  the 
Bergen  Hill  and  Palisade  range  of  trap  is  intrusive,  the  first  and 
second  ranges  of  the  Watchung  Mountain  are  probably  overflows; 
that  the  overflows  occurred  before  the  sandstone  formation  was 
completed  and  before  its  beds  were  tilted;  and  that  the  amyg'ia- 
loidal  feature  of  a  trap  is  evidence  of  overflow,  are  discussed*,  and 
various  facts  adduced  sustaining  the  opposing  opinion — that  all 
the  trappean  ranges  are  alike  of  a  later  age  than  the  Red  sand- 
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stone  formation,  and  were  intruded  after  the  beds  were  raised  to 
their  present  inclined  position.  Many  instances  are  mentioned  of 
unaltered  sandstone  adjoining  the  trap;  but  while  such  facts 
occur  at  many  points  in  the  Watchung  Mountains  where  the  rock 
is  sandstone,  at  other  points,  and  especially  wherever  it  is  shale, 
it  is  hard  baked  and  altered  in  color,  and  sometimes  contains 
crystallized  minerals  as  a  result  of  the  heat.  Such  effects  of  heat 
are  found  on  both  the  eastern  and  western  sides  of  the  Watchung 
Mountains,  leaving  no  doubt  as  to  intrusion.  Sands  would  not 
be  baked  or  new  minerals  formed  where  there  was  no  moisture 
to  aid  the  heat.  Professor  Cook  states  that  the  dip  of  the  Trias- 
sic  sandstone  is  not  everywhere  westward,  as  has  often  been  said, 
but  that  over  a  considerable  tract  of  country  in  the  valley  of  the 
Karitan  there  is  eastward  dip. 

The  kinds,  positions  and  other  characteristics  of  the  Archaean 
formation  are  bnefly  considered,  and  interesting  sections  are 
given  showing  the  conformable  relations  of  the  iron-ore  beds 
(magnetite)  to  the  enclosing  rock.  Profess<^r  Cook  states  that 
the  beds  of  ore  "  partake  with  the  associated  gneissic  strata  of 
all  the  essential  and  accidental  features  or  elements  belonging  to 
stratified  rocks.  They  possess  dip,  strike  and  pitch,  and  are 
folded,  faulted  and  pinched,  as  are  the  rocks  about  them.  .  .  . 
Hence,  when  viewed  in  connection  with  the  associated  stratified 
rocks,  the  conclusion  is  unavoidable  that  they  were  deposited 
as  sediments  and  are  of  the  same  age  with  them." 

On  page  162,  an  account  is  given  of  the  detection  of  native  iron 
in  the  Triassic  shale  and  earth  in  Karitan  township,  about  three 
miles  east  of  New  Brunswick.  An  analysis  by  Dr.  T.  B.  Still- 
man  obtained  '76'12  per  cent  of  metallic  iron.  This  is  the  only 
case  yet  known  of  native  iron  from  the  sandstone  formation. 
The  Keport  for  1874  (p.  66),  mentions  its  detection  in  the  trap 
rocks  of  New  Jersey. 

3.  Locomotary  Appendages  of  TVilohites, — In  the  Journal  of 
the  Cincinnati  Society  of  Natural  History  for  October,  1883,  Dr. 
John  Micklebobough  describes  a  specimen  of  trilobite  of  the 
large  species  Asaphus  MegistoSy  wliich  has  great  interest  on 
account  of  the  preservation  of  the  ventral  surface,  with,  the 
attached  appendages.  His  article  is  illustrated  by  a  lithographic 
plate. 

The  specimen  has  been  studied  also  by  Mr.  C.  D.  Walcott, 
and  the  general  result  of  Mr.  Mickleborough  confirmed,  but  with 
new  developments  as  to  the  structure.  Mr.  Walcott's  article, 
which  is  published  in  Science  of  March  7,  is  illustrated  by  a  wood- 
cut of  natural  size,  showing  the  parts  in  strong  relief  a  little  more 
strongly  than  they  would  have  been  represented  in  a  good  litho- 
graph, as  we  judge  from  an  examination  of  a  cast — though  of  one 
that  was  made  before  the  s[)eeimen  had  been  thoroughly  cleaned 
by  Mr.  Walcott.  The  number  of  pairs  of  appendages  "  clearly 
discernable"  is  26,  9  of  them  beneath  the  thorax,  one  beneath  the 
posterior  margin  of  the   head,    and    16   beneath  the  pygidium. 
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*'  The  legs  beneath  the  thorax  show  seven  jointn  in  two  instances." 
The  general  arrangement  and  position  of  the  appendages  are 
very  much  as  they  were  represented  by  Mr.  Walcott  in  his  resto- 
ration of  Calymene  senaria  (Bull.  Mus.  Comp.  Zool.,  viii,  1881). 
Mr.  Walcott  also  states  that,  on  a  careful  examination,  nnmeroos 
fine  slender  filaments  were  discovered,  both  beneath  the  thorax 
and  pymdium  and  also  near  the  posterior  end  of  the  latter, 
slender  jointed  appendages  not  half  a  millimeter  in  diameter,  and 
he  appears  to  regard  these  as  branchial,  as  he  did  the  spiral  and 
ribbon-like  filaments  discovered  in  his  dissections  of  specimeos 
of  Calymene. 

Mr.  Walcott,  after  an  examination  of  the  specimen  of  Asaphtu 
platycephalus^  de8cril)ed  by  Billings  as  having  remains  of  ambuk- 
tory  legs,  sustains  JMr.  Billings's  conclusion.  There  is  a  pair  of 
these  appendages  to  each  segment  of  the  thorax.  No  indi- 
cations of  abdominal  legs  are  visible. 

4.  The  Glacial  Boufidan/  in  OhiOy  Indiana  and  Kentucky; 
by  Professor  G.  F.  Wright.  86  pp.  8vo.  With  map  illuBtrations. 
1884.  Published  by  the  Western  Reserve  Historical  Society.— 
Through  the  labors  of  Professor  Wright  the  southern  limit  of  the 
glacier  has  been  traced  westward  from  Pennsylvania  into  lUinoti; 
and  in  Pennsylvania,  the  work  now  carried  on  by  Professor  Lewii, 
was  at  first  the  joint  work  of  him  and  Mr.  Lewis.  Ub  condo- 
sions  as  regards  Ohio,  Kentucky  and  Indiana,  have  already  been 
given  in  this  Journal,  (x;cvi,  44,  326).  The  paper  now  published 
contains  the  results  of  his  latest  explorations,  and  especially  the 
details  for  the  State  of  Ohio.  It  is  to  be  noted  that  the  expret- 
sion  '*  terminal  moraine,'^  is  not  liere  used,  the  fact  being,  as  stated 
by  him,  that  the  limit,  while  in  general  distinct,  is  not  always 
marked  by  true  moraine  depositions. 

5.  Report  on  the  Geology  and  Natural  History  of  Canada 
for  1880-81-82.  A,  K,  C.  Sklwyn,  Director.  With  many  maps 
an<l  plates. — Mr.  Selwyn  states,  in  his  Summary  Report,  that  ht 
had  examined  during  the  past  season  several  of  the  mines  on  the 
north  shore  of  Lake  Superior.  In  the  800  miles,  he  found  only 
seven  mines  and  one  stone  quarry  that  were  worked,  and  only 
one,  the  Silver  Islet  ^line,  that  was  profitably  so. 

The  Heports  in  the  volume  are  as  follows :  on  the  geology  of 
the  southeastern  part  of  Quebec,  by  Dr.  Selwyx  ;  on  the  Bow 
and  Belly  River  region  and  coal  deposits,  by  Dr.  G.  M.  Dawson; 
on  the  geology  of  the  basin  of  Moose  River  and  Lake  of  the 
Woods,  by  Dr.  J^ell;  on  northern  and  eastern  New  Bnmswick, 
and  on  the  Gaspe  peninsula,  by  R.  W'.  Ells  ;  notes  on  some  of 
the  mines  in  the  province  of  Quebec,  by  G.  W.  Willimott;  and 
chemical  report,  by  G.  C-.  IIoffalann. 

Part  I  of  volume  III  on  Paleontology,  consists  of  a  paper  on 
Paleozoic  fossils  by  J.  h\  WhiteaTes,  illustrated  by  8  plates. 

6.  Cretaceous  and  Tertiary  Floras  of  British  Colur/tbia  and 
the  Northwest  Ihrritory. — Dr.  J.  W.  Dawson  has  a  memoir  on 
this  subject  in  the  Transactions  of  the  Royal  Society  of  Cauadi, 
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for  May,  1 888.  It  is  illustrated  by  7  plates.  He  states  that  tbe 
anthracite  beds  of  the  Queen  Charlotte  Islands  are  now  known  to 
be  Middle  Cretaceous,  and  equivalent  of  the  upper  part  of  the 
Shasta  group  of  California,  and  that  the  coal  beds  of  the  Nanaimo 
and  Comos  basins,  Vancouver  Island,  are  Upper  Cretaceous, 
equivalent  to  the  Chico  and  Tejon  groups  of  California.  The 
Lignitic  or  Laramie  group  is  admitted  to  be  a  transition  group 
between  the  Upper  Cretaceous  and  Eocene.  The  paper  reviews 
the  previously  described  species,  and  describes  others  that  are  new. 

7.  Bertrandite :  a  new  fninerai,  —  MM.  Damour  and  Bee- 
TBAND  have  recently  published  an  account  of  a  new  mineral  from 
the  neighborhood  of  Nantes,  to  which  M.  Damour  has  given  the 
name  of  Bertrandite,     An  analysis  by  him  yielded : 

SiOa  BeO  FeaO.  HaO 

49-26  4200  140  6*90  =  9956 

for  which  the  formula  2(Be,SiO  ) +H,0  is  proposed;  in  other 
words  it  is  near  phenacite  but  differs  in  containing  water.  Ac- 
cording lo  Beitrand  it  crystallizes  in  the  orthorhombic  system 
with  a  prismatic  angle  of  121**  20';  the  crystals  are  generally 
'"tabular  in  habit  through  the  extension  of  the  basal  plane  or  of  the 
brachypinacoid,  they  are  sometimes  twins.  The  crystals  are 
transparent,  colorless  or  slightly  yellowish,  luster  brilliant,  vitre-* 
COB,  hardness  a  little  less  than  six,  specific  gravity  2'586— 2*593. 
The  mineral  occurs  in  cavities  in  pegmatite  implanted  on  quartz 
or  feldspar  with  apatite,  arsenopyrite,  pyrite. — Bull,  Soc,  Min,^ 
vi,  248,  252,  1883. 

8.  IHn  ore  (Cassiterite)  in  the  Blue  Ridge  in  Virginia, — The 
"Virginias"  of  October  last,  contains  a  note  by  Prof.  H.  D. 
Campbell,  of  Washington  and  Lee  University,  on  the  discovery 
of  tin  ore  in  the  eastern  corner  of  Rockbridge  County,  Virginia, 
on  Painter  Mountain  branch  of  Irish  Creek,  about  a  mile  and  a 
quarter  from  the  line  of  Nelson  County.  The  vein  runs  east  and 
west  at  the  place  and  immediately  about  the  ore  consists  of 
quartz.  The  thickness  of  the  band  of  ore  is  small,  and  it  is  as 
jyet  uncertain  whether  the  ore  will  prove  to  be  sufficiently  abun- 
dant for  profitable  working.  In  an  incomplete  analysis  of  a 
specimen  from  the  vein  Professor  Campbell  obtained  tin  68*58, 
iron  1*68,  silver  0-67,  arsenic  0-30,  silica  8*41. 

9.  Meneghinite  and  Tennantite  from  Canadn, — Dr.  B.  J. 
Harrington  has  described  the  occurrence  of  several  minerals  new 
to  Canada.  One  of  these  is  meneghinite.  It  occurs  in  massive 
form  near  Marble  Lake,  township  of  Barrie,  Ontario.  Its  specific 
gravity  was  6  33.     An  analysis  afforded 

S  Sb         As         Pb  Cu  Fe  Ag 

16-81         19-37         tr         61*45         136         007         008=9914 

The  tennantite  occurs  massive  at  the  Crown  mine,  Capelton, 
Quebec,  associated  with  pyrite,  chalcopyrite,  quartz,  etc.  Its 
specific  gravity  was  4(522.     An  analysis  yielded 

S  As  Sb  Cu  Fe         Zd         Pb         Ag       insol. 

27*99       15-34       452       42  09       3*77       456       025       021       009=98*82 
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Strontianite  occurs  sparingly  in  cavities  in  concretionary  masses 
of  limestone  contained  in  the  Utica  shales  of  St.  Helen's  Island, 
Montreal.  Acmite  is  shown  by  Dr.  Harrington  to  be  an  impor- 
tant  constitacnt  of  the  nepholine  syenites  of  Montreal  and  BetoBil. 

10.  Materialieu  zur  mineralogie  Russiand^  von  N.  von  Koks- 
GHAROw. — The  first  eighty  pages  of  the  ninth  volume  of  this 
great  work  have  recently  been  published.  They  are  largely  de- 
voted to  a  memoir  on  the  species  caledonite,  but  supplemen- 
tary notices  are  also  given  of  raonazite,  rutile,  pachnolite  and 
xanthophyllite. 

11.  On  Allanite  from  Topahatn^  Maine;  by  F.  C.  Robinsox. 
(Communicated.) — Some  time  ago  there  was  brought  to  my  no- 
tice a  peculiar,  and  to  me  then  unknown  mineral  which  a  student 
had  discovered  in  the  granite  on  what  is  known  as  "Spragae's 
Hill,"  Topsham,  Me.  We  have  just  completed  an  analysis  of 
it,  and  proved  it  to  be  allanite.  It  occurs  in  the  above  locality 
in  considerable  abundance  and  in  the  form  of  brownish  crystals 
partially  decomposed,  and  looking  like  rusty  nails  driven  into 
the  granite.  Occasionally  fair  crystals  are  found.  Up  to  the 
time  of  its  discovery  no  cerium  mineral  was  known  to  occur  here, 
but  recently  we  have  found  in  small  quantities  another  cerium 
mineral  which  is  now  under  examination.  This  latter  does  not 
occur  in  the  same  locality  as  the  allanite,  but  is  associated  with 
columbite  and  gahnite.  Other  minerals  of  this  locality  are  also 
being  analyzed  by  us  and  notices  of  them  will  be  published  from 
time  to  time.  The  analysis  of  the  allanite  was  made  under  my 
supervision  by  J.  Torre)',  Jr. 
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This  analysis  gives  the  approximate  ratio  for  R:  R :  Si^l :  1 :3. 

Different  samples  seemed  to  vary  somewhat  in  composition, 
perhaps  owing  to  the  difiiculty  of  obtaining  pure  pieces  because 
of  its  being  so  much  decomposed.  Thus  some  gave  small 
amounts  of  Mii  and  less  Fe ;  some  also  gave  little  Mg.  H,0 
was  also  slightly  variable. 

12.  On  Cuprodescloizite  from  Mexico, — On  the  29th  of  No- 
vember last,  Prof.  Rammelsberg  read  a  paper  before  the  Berlin 
Academy  on  a  variety  of  descloizite  from  San  Luis  Potosi,  Mexico, 
to  which  he  gave  the  name  cuprodescloizite.  He  describes  it  as 
occurring  in  blackish  reiiiform  masses  imperfectly  crystalline  on 
the  surface  and  within  showing  a  fibrous  structure.  The  powder 
is  brown;  the  sj)ecific  gravity  is  5*850.  An  analysis  gave  the 
result  stated  below  (J).  It  is  interesting  to  note  that  what  was 
without  doubt  the  same  mineral  was  at  a  somewhat  earlier  dale 
described  by  8.  L.  Peiifield  in  this  Journal  for  November.  The 
description  as  given  by  Penfield  agrees  in  most  respects  with  that 
of  Rammelsberg,  only  the  specific  gravity  was  found  to  be  6'202. 

*  Thoro  was  only  a  trace  of  K<,0.     Tta  exact  amount  will  be  hereafter  dettr- 
mined. 
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TTie  analyses  are  as  follows:  (1)  by  Rammelsberg,  (2)  by 
Penfield. 

ViOft     ASjOft     PaOft 

(1)  (I)  22-47      0-28      017 

(2)  (1)  18-95      3-82      01 8 

As  was  shown  by  Penfield,  the  mineral  is  essentially  identical 
with  desoloizite.  Whether  the  fact  that  it  contains  copper  replac- 
ine^  part  of  the  zinc  entitles  it  to  a  new  name  is  a  point  about 
which  there  may  be  difference  of  opinion. 

ni.   Botany  and  Zoology. 

1.  Bulletin  of  the  California  Academy  of  Sciences^  No.  1. 
Feb.  1884,  pp.  59,  ftvo.-^With  this  issue  the  California  Academy 
begins  a  new  series  of  its  proceedings  and  publications,  super- 
seding the  Journal,  as  we  suppose,  though  there  is  no  announce- 
ment of  this. 

The  contents  are  distributed  under  the  heads  of  Zoology,  (a 
single  paper,  by  Miss  Rosa  Smith,  characterizing  Smialius  Lem- 
moniy  a  new  nsh),  Botanic  Section,  five  papers ;  Microscopic 
Sbction,  five  papers  upon  Fungi^  which,  there  is  a  certaiti  relief 
in  finding  outside  the  domain  of  botany  ;  Astronomy,  six  papers, 
or  rather  notes,  by  the  worthy  President,  Professor  Davidson. 
The  title  of  one  of  these  upon  the  cover  suggested  a  straying 
botanical  paper,  yet  it  was  easy  to  make  out  that  **Intra-Mer- 
ourial  Plants  *'  were  planets  which  had  dropped  a  vowel.  Lastly 
Mineralogy,  a  paper  on  Colemanite,  a  hydrous  borate  of  lime, 
by  Mr.  Evans. 

The  first  botanical  paper  may  also  seem  to  have  wandered 
afield.  It  is  a  very  short  one,  on  Veatchia  ( V,  Cedrosensia)  a 
new  genus  of  AnacardiactcBy  by  Asa  Gray,  remarkable  for  its 
Qtricular  fruit.  It  had  been  described  by  Dr.  Kellogg  in  the 
Academy's  Journal,  long  ago,  as  Rhus  Veatchiana,  and  as  Dr. 
J.  A.  Veatch  was  either  one  of  the  founders  or  very  early  mem- 
bers of  the  California  Academy,  upon  which  he  bestowed  his  col- 
lections in  Lower  California,  it  was  most  proper  that  the  genus 
which  is  to  honor  his  memory  should  be  published  there.  Any 
botanist  who  has  occasion  to  read  the  Latin  character  will  be  able 
to  correct  certain  faults  of  punctuation  and  the  single  misprint 
which  more  or  less  mar  the  sense. 

Dr.  Behr  and  Dr.  Kellogg  have  joined  forces  in  the  publication 
of  an  Anemofie  Grrayi,  which  grows  on  Tamalpais,  and  which 
seems  to  be  a  plant,  several  times  collected  in  the  California  Coast 
Ranges,  which  Dr.  Torrey  first  and  other  botanists  since  have 
taken  for  a  mere  form  of  the  Linnaean  A.  neniorosa^  probably 
with  good  reason. 

Dr.  Kellogg  follows  with  two  new  species  of  Lower  California: 
Astragalus  insularis,  on  which  wo  have  no  opinion  to  offer,  and 
Phacelia  ixodes,  a  well  marked  species,  which  has  also  been 
recently  collected  by  Mr.  Orcutt. 
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Mr.  Greene  desoribes  a*  dozen  (3a1ifornian  species,  one  of  them 
a  re-publication  of  Dr.  Kcllogg^s  BHckeUia  niiUtiflora^  and 
another,  Sparganium  CcUifornicum^  **  from  three  to  nine  feet 
high,"  said  to  be  "  perhaps  too  near  S,  eurycarpum^  Engehn.^' 
Our  lamented  associate  was  unable  to  distinguish  it  from  that 
species. 

Mrs.  Curran's  contribution  is  of  three  species,  of  which  the  most 
curious  is  a  second  species  of  Acanthomintha  (A.  lanceolata\  dif- 
fering from  the  other  in  a  2-lobed  upper  lip  of  the  corolla  (contrarv 
to  the  generic  character:  only  a  single  specimen  collected,  wbicn 
is  unfortunate. 

Of  the  Fungological  papera,  by  Messrs.  Cooke  and  Harkness, 
Messrs.  Phillips  and  Ilarkness,  Messrs.  Plowright  and  Harkness, 
Messrs.  Ellis  and  Harkness,  and  a  larger,  number  of  new  species 
and  gencfra  by  Dr.  Harkness  alone,  it  is  not  for  us  to  discourse. 
Mycology  is  becoming,  as  it  were,  a  kingdom  of  its  own.     a.  g. 

2.  Darwijiiam  Htated  by  Dancin  himself.  Characteristic  Pa9- 
sages  from  the  writings  of  Charles  Darwin :  selected  and  ar- 
ranged by  Nathan  Shepard.  New  York :  Appleton  &  Co. 
1884.  pp.  350,  12mo. — A  thoroughly  correct  and  unbiased  idea  of 
Darwinism  is  to  be  obtained  only  from  Darwin's  own  writings. 
But  in  a  book  of  extracts  very  much  depends  upon  how  these  are 
put  together.  A  glance  at  the  present  volume  gives  the  impres- 
sion that  the  selection  and  arrangement  have  been  done  with  good 
judgment.  There  is  no  daubing  with  untempered  mortar,  for 
there  is  not  a  word  of  note  or  comment.  a.  g. 

3.  Wild  Flotoers  of  America^  with  Fifty  colored  plates  from 
original  drawings  by  Isaac  Spraguk.  Text  by  Georgb  L.  Good- 
ale,  M.D.,  Professor  of  Botany  in  Harvard  University.  Boston: 
Cassino,  1882,  imp.  4to. — We  probably  noticed  the  earlier  fas- 
ciculi of  this  volume  of  changeful  fate  and  early  interruption. 
But,  as  it  now  lies  before  ns,  a  beautiful  volume  of  200  pages  of 
letter-press  and  fifty  portraitures,  in  which  the  chromo-lithographic 
printer  has  really  done  justice  to  Mr.  Sprague's  elegant  and  faith- 
lul  paintings,  we  wish  to  call  attention  to  it.  We  believe  that 
the  copies  were  so  promptly  taken  up  that  it  is  entirely  oat  of 
print ;  and  we  are  uncertain  if  the  publisher  can  reproduce  it, 
though  that,  and  the  continuance  of  the  work,  were  greatly  to  be 
wished.  While  all  the  plates  are  of  very  high  order  (except  that 
a  few  are  rather  meagre),  the  following  are  among  the  most  ex- 
quisite: Aquileffia  ('anadensis^  Gerardiaflava  with  G.  tenuifolia^ 
LiUiini  PhilddelphfCfnn^  Tris  versicolor,  Rudbeckia  c^lumnofii, 
Clenmtis  Virginiana,  ArtfhuHa  bulbosa^  Kalmia  glaucay  the  most 
rare  Shortia  gnlacifolia^  Echinacea  angustifolia^  and  Skunk  cab- 
bage, though  that  needs  a  leaf  to  be  sketched  in  as  a  back-ground; 
also  Indian  turnip,  the  })ink  Azalea,  or  wild  honeysuckle,  our 
sweet  water-lily  and  the  May-fiower.  A  word  must  be  said  for 
the  letter  press,  which  has  avoided  poetry  and  thread-bare  senti- 
ment, and  has  managed  to  conibine,  in  a  readable  and  interesting 
narrative,  much    good    descriptive    matter,  curious   information, 
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a  series  of  lessons  in  botanical  morphology.  Finally  there  is 
U  index  of  all  the  technical  terms  and  of  the  subjects  treated, 
'ell  as  of  the  flowers  figured.  a.  o. 

A  CatcUogue  of  the  Native  and  Naturalized  Plants  of  the 
f  of  Buffalo  and  its  Vicinity;  by  David  F.  Day.  Buffalo, 
\,  pp.  216,  8vo. — ^This  is  published  by  the  Buffalo  Society  of 
ural  Sciences,  of  which  the  compiler  of  this  catalogue  was  one 
:he  founders  (in  the  year  1861),  and  the  venerable  Judge 
iton  the  leading  spirit  and  first  president.  "  That  devoted  nat- 
ist  and  accomplished  scholar/'  and  most  genial  man,  having 
oved  his  residence  from  Buffalo,  "  where  he  passed  so  many 
rs  of  his  useful  and  honorable  life/'  to  his  native  city  of 
any,  the  editing  of  the  present  catalogue  has  devolved  upon 
associate.  It  has  been  a  good  while  in  hand,  and  both  in 
Q  and  in  substance  it  is  a  most  creditable  production.  It 
eseots  the  names  of  all  the  plants  which  have  been  detected 
)in  a  radius  of  fifty  miles  of  Buffalo,"  is  accompanied  by  a 
»  of  the  region,  a  sketch  of  its  physical  geography  and  climate, 

other  interesting  details.  It  has  set  a  good  example  by 
ading,  upon  the  basis  of  real  investigations,  all  the  crypto- 
lous  plants  of  the  region  which  have  been  fairly  determined, 
upplement  brings  in  additions  and  coiTections  nearly  up  to 
\  of  publication.  The  phsenogamous  species  are  1,217,  in  106 
)r8.  Almost  exactly  half  of  them  are  in  the  ten  larger  orders, 
are  distributed  as  follows : 

Compositse,  143.  '  Labiatse,  39. 
Cyperaceae,  106.  Ranunculacese,  36. 

GraminesB,  88.  Cruciferae,  36. 

Rosacese,  62.  Orchidaceae,  34. 

Leguminosae,  46.  Liliaceae,  31. 

\abiat(B  would  not  hold  this  position  except  for  its  adventive 

naturalized  representatives,  which  make  up  one-third  of  its 

ta.     Owing  to  its  situation,  its  relation  to  railroads,  and  its 

le  yards,  Buffalo   is   a  trap  for  adventive  plants  from  the 

t,  and  one  great  use  of  this  catalogue  is  to  mark  their  coming, 

future  comparison.     The  portion  of  the  catallogue  devoted  to 

Muaci,  166  species,  Bepaticce,  24,  Lichenes,  204,  Fungiy  869 

Algce,  204,  is  of  particular  interest.     There  is  a  complete 

3x  of  generic  names.  a.  g. 

.  Die  Pflanzenkrankheiten;  by  Professor  Dr.  B.  Frank.     (In 

i  of  Schenk's  Handbuch  der  Boianik,  Trewendt,  Breslau.) 

pp.,  46  ills. — This  is  one  of  the  important  monographs  referred 

n  our  last  number  as  forming  a  part  of  the  Encyclopedia  of 

,ural  History  now  publishing  in  Germany. 

he  results  of  the  numerous  investigations  in  regard   to   the 

adies  of  plants  are  scattered  through  a  wide  range  of  botan- 

,    pharmaceutical,    horticultural,    and    agricultural  journals. 

le  of  these  investigations  have  been  of  the  most  superficial 

untrustworthy  character,  and  the  conclusions  must  be  received 
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with*  great  caution.  In  the  volume  now  before  us,  the  more 
important  facts  have  been  carefully  brought  together,  and  cou- 
veniently  arranged,  but  with  too  little  critical  remark.  Hence, 
although  of  the  greatest  use  to  one  in  search  of  the  literature  of 
the  subject,  the  work  does  not  sufficiently  aid  one  who  does  not 
have  access  to  the  original  authorities. 

Candidly  giving  up  the  difficult  task  of  trying  to  draw  a  line 
between  pathology  and  teratology,  Professor  Frank  descrihes  as 
diseased  conditions,  all  variations  from  the  normal  condition  of 
the  species.  He  confesses  that  the  subject  is  surrounded  with 
difHculties,  upon  the  consideration  of  which  we  cannot  now  enter, 
ejtcept  to  say  they  mostly  spring  from  the  transfer  to  such  simple 
organisms  as  plants,  of  the  terms  which  are  in  ordinary  use  in 
Medicine  and  Veterinary  Medicine.  The  provisional  working 
classification  of  plant-diseases  proposed  by  Frank  is  plain  and 
reasonably  comprehensive.     Four  groups  are  made,  viz: 

Effects  of  injurious  mechanical  influences,  as  distortions  through 
lack  of  room  for  growth,  and  the  many  forms  of  wounds.  2. 
diseases  induced  by  inorganic  nature,  such  as  come  from  too 
little  or  too  much  light ;  from  too  low  or  too  high  a  temperature ; 
from  an  unfavorable  medium,  and  unpropitious  climatic  influ- 
ences. .3.  Diseases  brought  on  by  parasitic  plants.  4.  Diseases 
caused  by  animals. 

As  might  be  expected,  the  chapter  on  wounds  and  their  healing, 
takes  up  some  of  the  most  interesting  questions  in  Morphology  . 
and  Physiology.  The  different  modes  of  repair  are  well  consid- 
ered, and  the  illustrations  very  telling.  The  injuries  produced  by 
frost,  and  by  low  temperatures  which  do  not  <piite  reach  the 
freezing  point  of  water,  are  treated  of  with  some  detail,  but  in  a 
less  satisfactory  manner  than  the  other  parts  of  the  work  The 
chapter  on  Parasitic  Fungi  deals  with  the  effects  produced  by 
them  rather  than  with  their  morphology.  He  speaks  of  three 
general  effects  produced  by  these  parasites:  1.  a  consumption  of 
the  living  matter  and  its  stored  food.  2.  Destruction  of  tissuei. 
a.  Irritation  inducing  abnormal  growth.  The  Essay  throughout 
is  painstaking,  which  makes  it  of  great  utility  as  a  work  of 
reference,  the  citations  being  given  with  extraordinary  accuracy. 

G.  L.  G. 

6.  Researches  oji  the  Structure  of  Diatomacece^  from  the 
"  Cemenstein  "  of  Ji\tland,  by  Messieurs  W.  Prinz  and  H  Van 
Enmkngkm,  of  the  Belgian  Microscopic  Society.  (Ann.  Soc. 
Belg.  de  Microscopie,  t.  viii)»-  The  authors  give  the  results  of 
their  examinations  of  sJiced  Diatoms  in  descriptions  and  in 
excellent  plates,  and  also  facts  of  geological  interest  connected 
with  them.  The  <liatonis  are  filled  usually  with  calcite,  but 
contain  sometimes  minute  crystallizations  of  pyrite  inside  or  as 
a  coating ;  and  the  pyrite  occurs  (commonly  in  the  parts  of  the 
diatom  (the  perforations,  especially)  wliere  the  organic  matter 
existed,  to  provoke  the  chemical  reaction  necessary  for  its  pre- 
cipitation.    The  author  discusses  also  the  origin  of  the  pseudo- 
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Dorphs  of  pyrite  after  diatoms  that  had  been  described  from  the 
jondon  clay,  and  explains  their  formation  by  first  a  coating  of 
>yrite  and  then  a  substitution  of  pyrite  for  the  silica  as  it  is 
lowly  removed,  molecule  for  molecule.  By  dissolving  away  the 
>yrite  he  found  still  a  delicate  siliceous  skeleton  remaining. 

7.  Report  of  the  Entomologist^  Dr.  C.  V.  Rilky,  for  the  year 
1883  ;  from  the  Report  of  the  Department  of  Agriculture.  80 
>p.  with  plates. — Dr.  Riley's  report  contains  much  important 
nformation  on  insects  injurious  to  vegetation,  and  the  best  means 
>f  preventing  their  destructive  work ;  and  the  plates  contain 
igares  of  apparatus  which  have  been  devised  for  the  latter 
)urpose,  besides  illustrations  of  the  insects.  A  valuable  chapter 
m  the  destruction  of  evergreen  forests  in  Northern  New  England 
ind  New  York  is  by  Professor  A.  S.  Packard. 

8.  Residts  of  Vredgiyig  under  A,  Agassiz  in  the  *'^  Blake,'*'* 
Report  on  the  laopoda,  by  Oscab  Hakger. — The  species  of 
[sopod  Crustacea  here  described  and  figured  by  Mr.  Harger 
;onie  frotn  depths  of  500  to  7,000  feet  and  are  in  part  new  to 
,he  American  coast.  They  include  species  of  Cirolanay  ^ga^ 
Rocinela  and  Syscenus. 

9.  Exploration  of  the  Surface  Fauna  of  the  Gulf  Stream  ; 
>y  A.  Agassiz.  Vol.  viii.  No.  2  of  the  Memoirs  of  the  Mns. 
ZJomp.  Zool.  Harvard  College. — This  memoir  describes  the  Por- 
-^iticke  and  VeilelidcB,  and  is  illustrated  by  12  plates. 

10.  Selections  from  Embryological  Monographs.  Compiled  by 
\.  Agassiz,  W.  Faxon  and  E.  L.  Mark. — II.  Echinodermata,  by 
\.  Agasniz,  with  15  plates  (Mem.  Mus.  Corap.  Zool.,  vol.  ix,  No. 
5)»  consists  chiefly  of  plates  illustrating  the  embryology  of 
Domatula,  Ophiuroids,  Asteroids,  Echinoids,  and  Holothunoids, 
is  made  out  by  the  researches  of  different  zoologists.  They 
ire  here  brought  together  under  the  supervision  of  Mr.  Agassiz, 
or  the  aid  of  students  in  zoology,  and  make  a  very  instructive 
series. 

11.  Cruise  of  the  Revenue  Steamer  Corwin  in  Alaska  and  the 
AT.  TT.  Arctic  Ocean^  in  1881.  120  pp.  4to,  with  many  plates. 
Washington,  1883. — This  Report  contains  an  illustrated  memoir 
3n  the  birds  of  Behring  Sea  and  the  Arctic  Ocean,  by  E.  W. 
N'klson;  Anthropological  Notes,  with  plates,  by  Dr.  I.  C.  Rosss; 
Botanical  Notes,  by  John  Muir. 

IV.  Miscellaneous  Scientific  Intelligence. 

1.  National  Academy  of  Sciences. — At  the  recent  meeting  of 
ihe  National  Academy,  held  at  Washington  from  April  16th  to 
I8th,  the  following  papers  were  entered  for  reading: 

On  the  photographs  of  the  Transit  of  Venus  taken  at  the  Lick  Obserratoiy:  by 
^DfON  Newcomb. 

Whether  there  is  a  minimum  perceptible  difference  of  sensation:  bj  C.  S. 
?HBCK  and  J.  Jastbow.  * 

The  character  of  the  heat  radiated  from  the  soif:  by  S.  P.  Langlet. 

Progress  in  making  a  new  photograph  of  the  spectrum :  by  H.  A.  Rowlakd. 
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Some  exporimeats  upon  the  spectra  of  oxygen:  by  A.  W.  Wrioht. 

On  the  depth  of  the  western  part  of  the  Atlantic  Ocean  and  Gulf  of  Mexico, 
with  an  exhibition  of  a  relief  model ; — On  the  relative  levels  of  the  western  part 
of  the  Atlantic  Ocean  and  Gulf  of  Mexico  with  respect  to  the  Gulf  Stream;— An 
account  of  some  recent  pendulum  oxperiments  in  different  parts  of  the  world, 
made  in  connection  with  the  U.  S.  Coast  and  Geodetic  Survey;  by  J.  E.  Hilqibd. 
*    Reduction  of  barometric  observations  to  sea  level;  by  Eli  as  Ix)Omib. 

The  Krakatoa  atmospheric  waves,  aod  the  question  of  a  connection  between 
barometric  pressure  and  atmospheric  electricity:  by  II.  M.  Paul.    (By  invitation.) 

On  the  volcanic  sand  which  fell  at  Uualaska,  Oct.  20,  1 883,  and  some  considera- 
tions concerning  its  composition :  by  J.  S.  Diller.    (By  invitation.) 

The  quantitative  estimation  of  carbon  in  ordinary  phosphorus ; — Rbdiiction  of 
halogen  derivatives  of  carbon  compounds:  by  Ira  Rehsen. 

On  the  Fritts  selenium  cell ; — On  a  lantern  voltmeter :  by  Geo.  F.  Barker. 

Recent  progress  in  electrical  fuses:  by  Henry  L.  Abbot. 

The  sufficiency  of  terrestrial  rotation  to  deflect  river  courses :  by  G.  K.  Gilbert. 

The  origin  of  crystalline  rocks:  by  T.  Sterry  Hunt. 

On  the  occurrence  of  mercury  in  native  silver  from  Lake  Superior :  by  Geo.  J. 
Brush. 

On  the  existence  of  tin  ore  in  the  older  rocks  of  the  Blue  Ridge:  by  B.  Silli]ca.x. 

Jade  implements  from  Alaska:  by  F.  W.  Clarke. 

Zoologpical  results  of  the  deep-sea  dredging  expedition  of  the  U.  S.  Fish  0)m- 
mission  Steamer  Albatross:  by  A.  E.  Verkill. 

On  the  structure  and  affinities  of  Didymodus,  a  still  living  genus  of  sharks  of 
the  Carboniferous  period; — On  the  North  American  species  of  Mastodon:  by 
E.  D.  Cope. 

The  characteristics  of  the  lyomerous  fishes ; — On  the  classification  of  the  apodal 
fishes:  by  Theo.  Gill  nnd  John  A.  Ryder. 

On  the  ichthyological  peculiarities  of  the  Bassalian  realm :  by  TuEO.  Gill. 

Memorandum  on  composite  photographs  in  craniology :  by  John*  S.  Billings. 

On  the  application  of  trinomial  nomenclature  to  zoology:  by  Eluott  Coubs. 

Some  recent  results  of  the  oral  and  aural  teaching  of  the  deaf,  under  the  com* 
bincd  system:  by  E.  M.  Gallaudet. 

The  study  of  comparative  biography :  by  C.  S.  Peirce. 

Memorial  addresses  were  delivered  by  General  II.  L.  Abbot  on 
the  late  General  G.  K.  Warren ;  by  Professor  C.  A.  Young  on 
Professor  Stephen  Alexander  ;  by  Professor  Silliman  on  Professor 
J.  Lawrence  Smith ;  atid  by  Dr.  Samuel  H.  Scudder  on  Dr.  John 
L.  LcConte. 

The  following  new  members  were  elected :  Professor  W.  K. 
Brooks  of  Baltimore;  General  C.  B.  Gomstock,  U.  S.  Array; 
Professor  Edward  S.  Dana  of  New  Haven  ;  Captain  C.  E.  Dutton, 
U.  S.  Army;  Professor  Sidney  I,  Smith  of  New  Haven. 

2.  Report  of  the  New  York  State  Survey  for  tbe  year  1883, 
James  T.  (takdineu,  Director. — This  Keport,  besides  giving  de- 
tails and  ma})s  relating  to  tlie  topographical  work  done,  presents 
some  facts  in  illustration  of  the  subject  of  the  relations  of  drain- 
age to  rainfall  and  the  removal  of  forests.  From  observations  at 
Rochester  UniverHitv  since  1830,  and  at  J^uffalo  and  Rochester 
by  the  U.  S.  Signal  Service  since  1870,  the  rainfall  (snow  being 
included)  increased,  <lnring  the  period  from  1830  to  1880,  from 
27*7  to  38  inches;  and  from  1808  to  1881,  the  mean-fall  was  38-73 
inches.  The  forests  were  extensively  removed  in  this  interval. 
On  the  contrary,  the  mean  annual  rainfall  of  Auburn,  Cazenovfa 
Pot8<lam  and  Albany,  ])laces  in  the  center,  northern  and  eastern 
parts  of  the  State,  taken  by  periods  of  ten  years,  show  that  little 
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as  taken  place ;  but  at  Pierrepont  Manor  and  Oswego 
m  indication  of  some  increase.  The  last  two  places  with 
,nd  Rochester,  are  near  Lake  Ontario ;  and  Mr.  Gardiner 
s  that  excepting  in  the  vicinity  of  Lake  Ontario  little 
n  amount  of  precipitation  has  taken  place,  notwithstand- 
arge  removal  of  forests. 

regard  to  the  relation  between  drainage  and  rain-fall 
rt  states  that  the  average  flow  of  the  west  branch  of  the 
or  four  years  was  foutid  to  be  63  per  cent  of  the  rainfall, 
n  covers  about  20  square  miles,  is  mostly  wooded,  and 
icent  rocks  are  metamorphic.  In  Massachusetts  the  same 
for  the  Cochituate  basin,  west  of  Boston,  for  the  inter- 
l  to  1875,  is  45  per  cent;  and  for  the  Sudbury  basin, 
18  an  area  of  77*76  square  miles,  about  60  per  cent.  In 
these  cases  also  the  rocks  are  metamorphic,  but  the  basins 
partially  wooded. 

laximum  precipitation  at  Rochester  and  Buflalo,  tox  the 
iths,  March  and  April,  is  stated  to  be  about  10*42  inches. 
i\  amount  of  water  to  be  disposed  of  during  March  and 
he  time  of  maximum  flow — is  therefore  often  10  inches, 
J  water  produced  by  the  melting  of  snow  accumulated 
Vlarch  1st.  Mr.  Gardiner  adds  the  remark  that  on  un- 
areas,  that  are  similar  to  the  above  mentioned  regions  in 
and  other  conditions,  any  channel  capable  of  carrying  ofT 
ng  flow  is  not  liable  to  be  flooded  between  Miiy  and 
)er. 

ie  receiving  reservoir  in  New  York,  between  1864  and 
e  evaporation  amounted  to  80  per  cent  of  the  rain-fall,  it 
)  great  because  wholly  from  a  water-surface,  and  one  in  no 
>tected  by  forests  from  winds  and  the  direct  sun's  rays. 
}te  on  the  condition  occasioning  the  Ohio  River  flood  of 
•y,  18^4 ;  by  J.  D.  Dana. — The  unusual  height  of  the  flood 
uary  last  on  the  Ohio  River,  in  which  the  water  reached  at 
ati  a  level  of  71  feet  f  inches  above  the  guage  mark  (which 
t  above  low  water),  has  had  different  explanations.  The 
le  is  brought  out  in  a  paper  (apparently  editorial)  giving 
llent  review  of  the  facts  as  to  this  and  other  Ohio  floods, 
ice  of  February  22. 

)nly  floods  which  are  known  to  have  passed  the  60-foot 

t  Cincinnati,  as  stated  in  this  paper,  are  the  following: 

ry,lB32,  04  feet  5  inches;  December,  1847,  63  feet  7  inches; 

ry,  188;^,  66  feet  4  inches.     Speaking  of  the  flood  of  1883, 

**  The  flood  was  due  to  two  storms,  the  first  from  Feb.  3 

which  about  8^  inches  of  rain  fell  at  Cincinnati,  and  the 

on  Feb.  10,  11,  in  which  the  rain-fall  was  about  2  inches. 

torms  extended  to  the  head  waters  of  the  Ohio  and  Jell  upon 

ground — so   that  the  water  was  carried  at  once  into  the 

jursesy     Further,  "the  flood  of  1884  rose  from  a  single 

n  Feb.  4  to  6,  in  which  the  precipitation  was  4*46  inches  in 

ours  less  than  three  days.     This  storm  combined  with  the 
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warm  weather  caused  a  eeneral  thaw  over  all  the  region  from 
which  the  feeders  of  the  Ohio  come."  The  coodition  as  to  frozen 
ground,  which  was  true  of  a  large  part  of  the  drainage  area  is  not 
in  the  latter  sentence,  but  is  implied  by  the  connection.  The 
floods  also  of  1880,  1881,  1882,  50  to  58  feet  in  height,  occnrred 
in  Febi-uary ;  and  19  out  of  the  27  between  1868  and  1884  were 
within  the  four  months,  December,  January,  February  and  March. 
Facts  bearing  on  this  subject  are  given  by  the  writer  in  his 
paper  of  1 882,  on  the  "  Flood  of  the  Connecticut  River  from  the 
melting  of  the  Quaternary  Glacier."*  It  is  there  deduced  from 
the  tables  of  precipitation  kept  at  different  points  in  the  Connec- 
ticut valley,  and  from  the  amount  of  discharge  of  the  river  as 
carefully  measured  by  General  T.  G.  Ellis,  of  the  U.  S.  Engineer 
Corps,  at  Hartford  for  the  years  1872  to  1877,  that  in  1874,  a 
year  of  great  floods  in  January  and  May,  the  amount  discharged, 
733,103,000,000  cubic  feet,  was  09*5  per  cent  of  the  precipitation, 
whilp  in  1877,  a  year  of  minimum  discharge  (only  526,261  millions, 
or  five-sevenths  of  that  in  1874)  it  was  50  per  cent;  and  the  con- 
clusion is  stated  that  the  floods  are  dependent  partly  on  the  large 
amount  of  snow  and  ice  over  the  country  for  melting,  and  to  **a 
considerable  extent  on  the  frozen  state  of  the  ground  over  the 
hill  slopes  and  much  of  the  country,  this  favoring  an  easy  slip- 
ping of  the  waters  over  the  surface  without  absorption  by  the 
soil." 

In  1874,  when  the  discharire  of  the  Connecticut  was  so  great,  the 
two  months  of  largest  discharge  were  January  (135,491  millions 
of  cubic  feet,  and  Alay,  139,213  millions),  the  precipitation  over  the 
drainage  area  of  the  Connecticut  for  January,  taking  the  average 
from  observations  at  Amherst  35  miles  north  of  Hartford,  Han- 
over 135  miles  north  of  Hartford,  and  Lunenburg  on  the  river  200 
miles  north  of  Hartford  and  60  to  70  from  the  most  northern 
sources  of  the  Connecticut,  was  4*02  inches,  and  for  May,  3'81 
inches;  yet  in  A})ril  with  a  moan  precipitation  of  4*49  inches,  the 
discharge  was  only  62,031  millions;  and  in  July,  with  a  mean 
precipitation  of  3*74  inches,  the  discharge  was  only  55,018  mill- 
ions. April  is  usually  a  month  of  frozen  ground  over  the  northern 
half  of  the  valley,  but  not  always  to  s<)  great  an  extent.  Again, 
in  February,  the  discharge  amounted  to  96,674  millions  (half 
more  than  in  April  and  two-thirds  that  of  January),  althongh 
the  mean  precipitation  for  the  valley  in  that  month  was  only  1*93 
inches,  showing  that  thawing  was  the  chief  cause,  not  the  precipi- 
tJition  of  that  month. 

Further,  in  1877  (the  year  of  minimum  flood),  during  the 
month  of  October — too  early  for  frozen  ground  except  on  the 
high  mountain  tops  and  yet  always  a  cool  month — the  amount  of 
discharge  of  the  river  was  only  31,772  millions  of  cubic  feet, 
although  the  mean  precipitation  in  the  valley  for  the  month  was 
5*45  inches,  which  \^  f fret  iter  ht/  (me  third  than  in  the  months  of 
greatest  discharge  in  1874. 

♦This  Journal,  TIT,  xxiii,  368. 
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It  18  here  evident  that  the  frozen  oondition  of  the  earth's  sur- 
ice  has  a  vast  deal  to  do  with  the  height  of  the  winter  floods, 
nd  the  extent  of  the  forest  region  very  little. 

The  conditions  affecting  the  amount  of  discharge  are  (1)  the 
Ntt  by  iBvaporation ;  (2)  the  loss  by  absorption. 

Ia}88  by  evaporation  becomes  greater  (1)  as  the  seasons  advance 
*om  cold  to  warm ;  (2)  as  forest  regions  become  changed  into 
ry  fields  of  earth,  or  earth  and  rock ;  (3)  as  obstructing  dams  are 
mltiplie^],  making  the  stream  more  or  less  a  string  of  ponds.  It 
\  least,  other  conditions  equal,  when  streams  are  deep  in  propor- 
OD  to  their  breadth ;  and  when  the  velocity  is  great,  the  time 
sed  for  discharge  being  thereby  diminished. 

JLoMS  by  absorption  becomes  greater  as  the  season  advances 
*om  cold  to  warm,  but  only  after  the  ground  of  the  drainage 
rea  has  become  unfrozen  ;  (2)  the  more  the  area  is  forest-covered  ; 
5)  the  more  porous,  tissured,  or  cavernous  the  underlying  strata ; 
3  vegetation  develops  with  the  advancing  spring.  It  is  least 
^here  the  rocks  are  non-absorbent,  as  in  most  regions  of  metamor- 
hic  rocks;  where  the  cold  has  produced  a  frozen  surface — rock- 
ke — over  the  drainage  ai*ea. 

Hence  the  best  conditions  for  a  great  flood  are  a  frozen  drain- 
ge  area  and  a  great  thaw  after  a  large  accumulation  of  snow, 
r  a  great  rain  and  tliaw.  But  for  summer  floods,  the  cause  is  a 
reat  and  sudden  rain-fall ;  and  the  steeper  the  slope  of  the  tribu- 
iries  and  main  stream,  the  vaster  the  discharge,  since  evaporation 
ad  absorption  then  fail  largely  of  their  usual  perquisites. 

4.  Publications  of  the  Cincinnati  Observatory^  No.  1. — The 
bservations  of  Messrs.  Stone  and  Wilson  upon  nine  comets  in 
880-2,  both  for  positive  and  physical,  are  given  in  this  valuable 
ontribution.  Ten  plates  illustrating  the  physical  observations 
re  added. 

5.  Geological  Society  of  London, — At  the  annual  meeting,  the 
5th  of  February,  the  Wollaston  Gold  Medal  was  given  to  Prof. 
L.  Gaudry  ;  the  balance  of  the  Proceeds  of  the  Wollaston  Dona^ 
ion  fund,  to  Mr.  E.  Tullky  Newton  ;  the  Murchison  Medal  to 
>r.  Henry  Woodward;  the  balance  of  the  Murchison  fund  to 
Ir.  R.  £theridge;  the  Lyell  Medal  to  Dr.  Joseph  Lbidy  of 
Philadelphia;  the  balance  of  the  Lyell  fund  to  Prof.  C.  Lap- 
roRTH ;  a  portion  of  the  proceeds  of  the  Barlow-Jameson  fund  to 
)r.  J.  Croll  ;  a  second  portion  of  the  proceeds  of  the  Barlow- 
ameson  fund,  to  Prof.  Lko  Lesqubreux. 

6.  Hermann  Mueller  Fund,  —  The  citizens  of  Lippstadt  in 
V^estphalia  have  formed  a  committee  to  collect  funds^  for  a 
lemorial  to  the  late  Hermann  Mueller,  professor  in  the  Real 
rymnasium  of  that  town,  and  one  of  the  most  distinguished 
ivestigators  of  the  mutual  relations  of  insects  and  flowers.  Our 
nnouncement  of  his  death,  in  August  last,  accompanied  the 
Dtice  of  the  English  edition  of  his  latest  work.  The  proposed 
ind  is  "  to  preserve  the  memory  of  Professor  Mueller,  and  aid 
is  family   by  creating  a  foundation,   whose  revenues  shall   be 
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enjoyed  by  the  widow  of  the  deceased  daring  her  life-time,  and 
after  her  death  preferentially  by  some  descendant  of  Professor 
Mueller's  that  shall  be  desirous  of  studying  natural  philosophy, 
or  else  by  some  other  needy  and  worthy  student  of  that  science 
who  shall  have  been  educated  at  the  public  school  of  Lippstadt.** 
Gifts  to  this  fund  may  be  forwarded  to  the  treasurer  of  the  Com- 
mittee, Herr  Stadtkaemmerer  Wilhelm  Thurmann,  at  Lippstadt 

7.  JRainfaU  returns, — A  circular  has  been  issued  by  A.  R.  Bin- 
nie,  M.  Inst.  C.  E.,  F.  R.  Met.  Soc,  F.G.S.,  expressing  his  de- 
sire to  receive  copies  of  records  of  rainfall  extending  from  ai 
early  a  date  as  possible.  It  states  that  the  observations  shoald 
give  annual  falls  only,  and  be  continuous  for  a  single  locality  for 
at  least  15  years;  that  the  results  should  be  expressed  in  millime- 
ters ;  that  the  name  of  the  observer  and  the  place  of  observation 
be  attached.  Mr.  Binnie's  address  is  Town  Hall,  Bradford,  York- 
shire, England.  Contributor  are  promised  in  return,  a  copj 
of  the  results  of  the  enquiry.  For  a  copy  of  the  circular  this 
Journal  is  indebted  to  the  Signal  Service  Oflice,  Washington. 

8.  Mo7iument  to  the  great  Paleontologist,  Barratide, — No  more 
faithful  or  successful  worker  in  Faieontolog:y  has  lived  than  Ba^ 
rande.  Subscriptions  to  a  monument  to  his  memory  will  be  fo^ 
warded  by  Professor  A.  Hyatt,  Technological  Institute,  Boston. 

OBITUARY. 

SiGNOR  QuiNTiNO  Sblla,  President  of  the  R.  Accademia  dei 
Lyncei,  of  Rome,  and  for  many  years  Minister  of  Finance  in 
Italy,  died  on  the  14th  r)f  March.  His  scientific  researches  were 
chiefly  in  cryatallocraphic  mineralogy,  in  which  department  his 
papers  are  of  the  highest  excellence.  His  able  statesmanship  on 
the  one  hand  brought  order  and  system  to  the  finances  of  United 
Italy,  and  on  the  other  promoted  the  progress  of  the  nation  in 
literary  and  scientific  culture  and  in  whatever  tended  to  con- 
tribute to  the  elevation  of  the  people.  Signor  Mancini,  in  an 
address  at  a  memorial  session  of  the  Chamber  of  Deputies, 
connects  his  name  with  three  great  achievements  in  the  recent 
progress  of  his  nation  :  "  La  restaurazione  finanziaria  della 
sua  patria ;  la  liberazione  di  Roma  papale  con  la  caduta  del 
potere  temporale ;  la  grandezza  intellectuale  ed  anche  materiale 
di  Roma  niodeyna  divenuta  Italiana."  He  took  an  active  part  in 
the  arrangements  with  reference  to  the  geological  survey  of  Italy 
and  its  geological  map,  and  was  President  of  the  International 
Geological  Congress  at  Bologna,  in  1881.  The  Chamber  of  Depu- 
ties has  appropriated  20,000  dollars  for  a  monument  to  his  memory. 

A  letter  from  Mr.  T.  McKenny  Hughes,  in  Nature  of  March  27, 
dated  Woodwardian  Museum,  Cambridge,  March  25,  states  that 
"it  is  proposed  to  place  a  bronze  wreath  on  the  tomb  of  the 
distinguished  Italian  geologist  and  statesman,  Quintino  Sella," 
and  that  "  English  geologists  are  invited  to  ex  press  their  sympathy 
with  their  Italian  fellow-workers  by  sending  their  names  with  a 
small  subscription." 
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JlLVIII. — Prhiclpal  Characters  of  American  VreUiceou^ 
^rodactyls ;  bv  Professor  O.  C).  Marsh.  Part  I.  The 
ill  of  Pteranodon,     (With  Plate  XV.) 

B  first  remains  of  Pterodactyls  discovered  iu  this  country 
found  by  the  writer,  in  the  autumn  of  1870,  near  the 
y  Hill  ]ftiver,  in  Western  Kansas.  These  belonged  to  a 
tic  species,  which  was  described  by  the  writer  m  1871, 
1  now  known  as  Pteranodon  oocide7italis.  The  geological 
>n  of  these  fossils  was  in  the  Middle  Cretaceous,  in  fhe 
deposits  that  contain  the  Odontondthe^^  or  Birds  with 
In  the  following  year,  additional  specimens  were 
id  by  the  writer  in  the  same  region,  and  referred  to  two 
pecies  of  the  same  genus.* 

1872,  the  writer  again  visited  this  region,  and  made  a 
il  search  for  other  ftj)ecimens,  and  for  several  subsequent 

had  parties  exploring  the  same  deposited  systematically, 
good  results ;  so  that  at  the  present  time  the  remains  of 
than  six  hundred  individuals  of  these  reptiles  have  been 
id  from  this  horizon,  and  are  now  in  the  museum  of 
College. 

B  most  of  these  remains  represent  gigantic  species,  the 
»t  having  a  spread  of  wings  of  nearly,  or  quite,  twenty-five 

These  all  belong  to  the  genus  Pteram^ioii^  and  pertain 
e  speciea  One  species  referred  to  tliis  genus  was  com- 
vely  small,  having  a  spread  of  wings  of  not  more  than 
feet.  A  few  specimens  were  found,  intermediate  in  size, 
these  represent  the  genus  Nyctodactyhis^  of  which  only 
^le  species  is  known. 

lis  Journal,  vol.  i.  p.  472,  June,  1871  ;  vol.  iii,  p.  341,  April.  1872, 
374,  May,  1872. 
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All  tliese  Cretaceous  Pterodactyls,  so  far  as  known,  differ 
widely  from  the  members  of  this  group  in  the  old  world, 
especially  in  the  absence  of  teeth,  and  hence  have  been  placed 
by  the  writer  in  a  new  order,  the  Ptercmodontia,  from  the 
typical  genus,  Pieranodon.*  Other  important  characters  of 
this  order  have  since  been  made  known  by  the  writer,  showing 
that  these  strange  reptiles  constitute  a  well  marked  group, 
much  more  specialized  than  any  hitherto  discovered. 

In  the  present  paper,  the  skull  of  one  species  of  Pteranodon 
is  described  and  hgured  as  typical  of  the  order,  and  the 
remaining  part  of  the  skeleton  will  be  discussed  in  subsequent 
communications. 

TnK  JSkull. 

The  skull  in  the  genus  Pieranodon  is  very  large,  and  uiuch 
elongated.  The  facial  portion  is  greatly  produced  forwards, 
and  an  enormous  sagittal  crest  extends  far  backward,  and 
somewhat  upward,  as  showTi  in  Plate  XV,  figures  1,  2,  and  3. 
Seen  from  the  side,  the  jaws  project  forward  like  a  huge  pair 
of  pointed  shears.  They  are  very  long,  sharply  pointed  in 
front,  and  entirely  destitute  of  teeth.  lii  no  specimens  exam- 
ined, young  or  old,  have  any  indications  of  teeth  been  detected. 
The  margins  of  the  jaws  are  smooth  and  thin,  as  in  many 
sp/eeies  of  recent  Birds.  The  jaws  were  probably  encased  in  a 
horny  sheath. 

The  bones  of  the  skull  are  nearly  all  of  extreme  teunitj. 
With  tlie  exception  of  the  occipital  condyle,  and  the  lower 
ends  of  the  ([uadrates,  all  seem  to  have  been  pneumatic. 

Seen  from  above,  the  skull  appears  extremely  narrow.  A 
sharp  ridge  extends  from  the  end  of  the  preinaxillaries  aloug 
the  median  line  to  the  true  cranium,  and  is  continued  backwarn 
by  the  thin  elevated  crest.  The  large  antorbital  openings  thus 
seem  near  the  middle  of  the  skull,  and,  as  they  are  directly 
over  the  posterior  nares,  they  form  part  of  the  vertical 
ai>ertiires  in  the  cranium,  seen  in  Plate  XV,  figures  2  and  3. 

The  palate  is  deeply  conceive,  and  covered  with  bone,  as  far 
back  as  the  posterior  nares. 

The  ])ones  of  the  skull  are  nearly  all  finnly  ankylosed 
together,  and  this  makes  it  very  difficult  to  detennine  the 
different  elements. 

*  This  Journal,  p.  507.  vol.  xi,  June.  1876 ;  p.  479,  vol.  xii,  Dec.,  1876, 
and  vol.  xxi,  p.  342,  April,  1881.     See  also  vol.  xxiii,  p.  251,  April,  1888^ 
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The  premaxillaries  are  very  large,  and  have  coalesced  with 
the  niaxillarieB.  They  appear  to  extend  backward  to  the  large 
antorbital  vacuities.  These  apertures  apparently  include  both 
the  anterior  nares,  and  the  lachrymo-nasal  fosste,  which  are 
separate  in  most  recent  birds. 

The  orbit  is  of  moderate  size,  and  oval  in  outline,  tlie  apex 
being  below.  There  was  apparently  no  ring  of  bony  sclerotic 
plates,  since  in  the  best  preserved  specimens  no  traces  of  this 
have  been  found. 

The  quadrate  is  firmly  coossified  with  the  other  cranial 
bones,  and  projects  strongly  forward.  Jts  distal  end  is  one  of 
the  most  characteristic  parts  of  the  skeleton. 

The  sagittal  crest  is  of  enormous  size,  and  serves  to  balance 
the  elongated  jaws.  Tt  is  very  thin  transversely,  and  during 
life  was  probably  more  or  less  flexible.  In  form  and  direction, 
it   resembles   the   corresponding   crest    in    the   recent  genus 

The  occipital  condyle  is  very  small,  and  nearly  hemispher- 
ical in  form.  It  is  directed  backward,  and  but  slightly  down- 
ward, thus  differing  from  this  part  in  most  of  the  members  of 
the  group. 

The  Lower  Jaws. 

The  lower  jaws  are  very  long,  and  quite  sharp  in  front, 
corresponding  closely  in  tnis  respect  with  the  end  of  the 
upper  jaws.  The  rami  are  closely  united  by  a  symphysis 
wnich  extends  from  the  apex  to  beyond  the  posterior  extremity 
of  the  dentary  bone,  as  m  the  mandible  of  Rhynchopa^  anS 
some  other  birds.  Behind  the  symphysis,  the  rami  are  com- 
paratively slender.  The  upper  face  is  strongly  concave.  The 
articulation  for  the  quadrate  is  deeply  grooved  obliquely,  and 
the  joint  is  a  very  strong  one.  Tlie  front  portion  of  this 
mandible  during  life  was  evidently  protected  by  a  homy 
covering,  like  that  of  the  beak  above. 

Tlie  nearly  complete  skull  here  described  may  be  regarded 
as  a  type  of  the  genus  PUranodon,  Its  principal  measure- 
ments are  as  follows : 

Length,  from  extremity  of  sagittal  crest  to  end  of  pre- 

maxillary,  about  80  inches,  or 760* 

Tranverse  diameter  of  occipital  condyle, 8*4 

Distance  from  occipital  condyle  to  distal  end  of  quadrate,  105* 

Length  of  lower  jaw,  about,  23  inches,  or 686- 

Greatest  depth,  ... J _ •. 02* 

Depth  at  articulation  for  quadrate, 23* 


mm 


426  O.  C.  Marsh — SkfM  of  Pteranodon. 

The  skull  of  Pteranodon  jingens^  described  by  the  writer 
from  the  same  geological  horizon,  is  about  four  feet  in  length. 

« 

The  skull  of  Piefranodon  differs  especially  from  that  of  the 
other  known  Pterosauriay  in  the  following  particulars  :  (1)  the 
absence  of  teeth ;  (2)  the  absence  of  anterior  nasal  apertures 
distinct  from  the  antorbital  openings ;  (3)  the  presence  of  the 
elongated  occipital  crest ;  (4)  the  whole  jaws  were  apparently 
covered  with  a  homy  sheath,  as  in  recent  birds. 

Yale  CJoUege,  New  Haven,  April  24th,  1884. 


EXPLANATION  OF  PLATE  XV. 


FiGUUE  1. — Skull  and  lower  jaw  6i  Pteranodon  longicepSj  Marrth  ;  side  view. 

Figure  2. — The  same  skull ;  top  view. 

FiGURB  3. — The  8ame  skull ;  bottom  view. 

Figure  4. — Lower  jnw  of  Pteranodon  longiceps ;  top  view. 

ff,  Antorbital  aperture;  6,  orbit;  c,  sagittal  crest;  d,  angle  of  jaw;  slower 
mar^rin  of  upper  jaw  ;  f\  upper  margin  of  lower  jaw ;  /articulation  of  lower  jaw; 
or,  owipitid  condyle;  7.  ({uadrate  bone;  5,  symphysis  of  lower  jaw. 

All  the  fl^urt'H  are  one-aixth  natural  size. 
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Art.  XLIX. — The  Sufficiency  of  Terrestrial  Rotation  for  the 
Deflection  of  Streams;  by  G.  K.  Gilbert. 

[Read  to  the  NatioDal  Academy  of  Science,  April  15,  1884L] 

It  was  long  ago  perceived  that  rivers  flowing  to  the  north  or 
to  the  south  should  by  the  rotation  of  the  earth  be  thrown  sev- 
erally against  their  east  or  west  banks.  It  is  even  many  years 
since  it  was  shown  by  Ferrel  that  these  tendencies  are  but 
illustrations  of  a  more  general  law,  that  all  streams  in  the 
northern  hemisphere  are  by  terrestrial  rotation  pressed  against 
their  right  banks,  and  all  in  the  southern  are  pressed  against 
their  left  banks,  the  degree  of  pressure  being  independent  of 
the  direction  of  flow.  Yet  the  question  of  the  suflSciency  of 
the  cause  for  the  production  of  observable  modifications  in  the 
topography  of  stream  valleys  is  still  an  open  one.  A  number 
of  geologists  have  observed  peculiarities  of  stream  valleys 
which  they  referred  to  the  operation  of  the  law,  while  others, 
including  myself,  have  lookea  in  vain  for  phenomenal  evidence 
of  its  efficiency.  Nevertheless,  it  is  my  present  purpose  to 
maintain  the  sufficiency  of  the  cause. 

So  far  as  I  am  aware,  all  those  who  have  attempted  to  con- 
sider analytically  the  mode  in  which  the  lateral  tendency 
arising  from  rotation  should  modify  the  channel  or  valley  of  a 
stream  have  reached  the  conclusion  that  no  appreciable 
results  can  be  produced,  and  for  the  most  part  their  conclusions 
legitimately  follow  their  premises.  My  own  different  conclu- 
sion is  based  upon  an   essentially  different  analysis  of  the 
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processes  involvecj.     In  the  celebrated  discussion  in  the  French 
Academy  of  Science,  it  was  computed  by  Bertrand  that  a  river 
flowing  in  N.  lat.  45°  with  a  velocity  of  three  meters  per  sec- 
ond exerts  a  pressure  on  its  right  bank  of  ^^Ug  of  its  weight, 
and  he  regaraed  this  pressure  as  too  small  for  consideration. 
It  has  been   pointed  out  by  Henry  BulF  that  the  deflecting 
force,  by  combining  with  gravitation,  gives  the  stream's  surface 
a  slight  inclination  toward  the  left  bank,  thereby  increasing  the 
depth  of  water  near  the  right  bank,  and  consequently  increast 
ing  the  velocity  of  the  current  at  the  right.     To  this  incremen- 
of  velocity  he  ascribed  a  certain  erosive  effect,  but  regarded  it 
as  less  than  that  assignable  to  wind-waves  on  the  same  water- 
surface.    He  tiiercfore  accorded  a  more  important  influence  to  the 
t)revailing  winds  than  to  the  rotation  of  the  earth.     It  has  been 
leld  by  others  that  the  combination  of  the  deflective  force  with 
gravitation  is  equivalent  simply  to  a  slight  modification — so 
far  as  the  stream  is  concerned — of  the  direction  of  gravitation  : 
and  that,  the  flood-plain  of  the  stream  having  been  adjusted 
normal  to  this  modified  direction  of  gravitational  attraction,  no 
other  geological  effects  are  produced.     The  last  was  my  own 
view  until  I  perceived  the  importance  of  certain  considerations 
to  which  I  now  proceed. 

The  form  of  cross-section  of  a  stream  flowing  in  a  straight 
channel  depends  on  the  loading  and  unloading  of  detritus  and 
is  essentially  stable.  It  is  evident  that  the  form  of  the  cross- 
section  controls  the  distribution  of  velocities  of  current  within 
its  area,  and  that  through  the  interactions  of  these  velocities  its 
parts  are  interdependent.  Each  element  of  its  curve  is  so 
adjusted  to  the  adjacent  current  and  to  the  detrital  load  of  the 
stream  that  it  can  neither  be  eroded  nor  receive  a  deposit,  and 
the  stability  of  the  ))rofi]e  depends  on  the  fact  that  an  element 
not  adjusted  to  the  contiguous  current  and  load  becomes  sub- 
ject either  to  erosion  or  to  deposition  until  an  adjustment  is 
reached.  The  distribution  of  velocities  within  the  cross  section 
is  syni metric,  the  swiftest  threads  of  the  current  being  in  the 
center  and  the  slowest  adjacent  to  the  banks. 

If,  now,  curvature  be  introduced  in  the  course  of  the  chan- 
nel, centrifugal  force  is  developed.  This  centrifugal  force  is 
measured  by  the  sciuare  of  the  velocity,  and  is  therefore  much 
greater  for  swift  central  ti)reads  of  the  current  than  for  slow 
lateral  tiireads.  As  pointed  out  by  Thomson  and  others,  the 
central  threads,  tending  more  strongly  toward  the  outer  bank, 
displace  the  slower  threads  of  that  bank,  and  the  symmetry  of 
distribution  of  velocities  is  thus  destro3'ed.  In  other  words, 
tiie  centrifugal  force  developed  by  curvature  exercises  a  select- 
ive iniluence  on  velocities,  and  transfers  the  locus  of  maximum 
velocity  from  the  center  of  the  channel  toward  the  outer  bank. 
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The  conditions  of  symmetry  in  the  profile  of  the  cross-section 
are  thus  destroyed.  The  outer  bank  is  eroded;  a  deposit  is 
accumulated  on  the  inner  bank.  Moreover  there  is  no  com- 
pensating tendency  to  restore  an  equilibrium,  for  the  erosion 
of  the  outer  bank  increases  the  sinuosity  of  the  channel  instead 
of  rectifying  it. 

Curvature  of  course  thus  causes  a  stream  to  shift  its  channel 
laterally,  and  in  this  manner  enlarge  its  valley.  It  is  the  most 
important  condition  of  lateral  corrasion. 

As  shown  by  Ferrel,  the  deflective  force  due  to  terrestrial 
rotation  varies  directly  with  the  velocity  of  the  stream.  It 
therefore  has  a  selective  influence  on  the  velocities  within 
the  cross-section  of  the  channel ;  and  it  too  tends  to  produce 
erosion  at  one  side  and  deposition  at  the  other.  For  a  given 
amount  of  deflective  force  its  selective  power  is  only  half  as 
great  as  that  of  the  centrifugal  force  developed  by  curvature 
of  course,  for  centrifugal  force  varies  with  the  second  power  of 
the  velocity  while  the  rotational  deflective  force  varies  only 
with  the  first  ppwer.  But  its  selective  power  is  of  the  same 
kind  aiid  may  be  quantitatively  compared.  For  the  purpose  of 
this  comparison  I  will  develop  an  equation  : 

Let  F=deflective  force,  per  unit  of  mass,  due  to  rotation. 
/i=angular  velocity  of  the  earth's  rotation. 
v= velocity  of  stream. 
A=latitude  of  the  locality. 
p=radius  of  a  curvature  of  the  stream's  course, 
fcthe  centrifugal  force,  per  unit  of  mass,  developed  by 
such  curvature. 

Then/=^  -  -  -  -  (1) 

and,  from  Ferrel, 

F=2y7i  sin  A  -  -  -  -  (2)* 

Let  v,= velocity  of  a  rapid-flowing  thread  of  the  current, 
r.=       "  "     slow        "  "  "  " 

Represent  by  F^,  F^  /.,  and  t\  the  corresponding  deflective 
forces  due  to  rotation  and  curvature, 

then  F,  —  F.=  (v,  -  v)  X  2n  sin  A  -  -  (3) 

and/.-Zzr'^^  ....  (4) 

F^— F,  evidently  expresses  the  selective  power  due  to  curva- 
ture; fr^fa  similarly  expresses  the  relative  power  due  to  rota- 

•  This  Journal,  II,  xxxi,  29,  e(iuation  (5).     Ferrel's  expression  is  modified  above 
by  the  substitution  of  the  siue  of  the  latitude  for  the  cosine  of  the  polar  distance. 
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tion.  Where  the  curvature  has  a  convexity  to  the  right,  these 
two  influences  conspire,  and  their  resultant  is  deducible  bj 
addition.  Where  the  curvature  has  a  leftward  convexity  the 
influences  are  opposed,  and  their  resultant  is  deducible  by  sub- 
traction. [The  terminology  here  and  through  the  remainder  of 
the  paper  is  adjusted  to  the  northern  hemisphere  exclusively.] 
If  we  represent  by  R  the  joint  selective  power  on  curvatures  of 
right  \iand  convexity  and  by  L  the  joint  selective  power  on 
curvatures  of  left  hand  convexity,  then  we  deduce  by  simple 
combinations  and  transformations  of  equations  (3)  and  (4). 

R  ^  Vr+v,'\-2fm  sin  A 

L "  v,+v,—  2/OM  sin  A  "  *  ' 

Vr  and  r,  may  be  the  velocities  of  any  two  threads  of  current 
moving  at  different  rates,  but  for  purposes  of  convenience  and 
simplification  we  now  assume  that  they  are  symmetrically  re- 
lated to  the  mean  velocity  v ;  and  introducing  this  relation  in 
(5)  we  obtain 

R v-k-pnnmX 

L""!;— pwsinA  ^  ' 

This  equation  expresses  the  ratio  between  the  selective  influ- 
ences tending  to  determine  the  maximum  velocity  toward  the 
right  and  left  banks  respectively  of  a  meandering  stream. 
Since  these  tendencies  result  in  erosion,  the  ratio  is  a  function 
of  the  tendency  of  a  stream  to  erode  its  right  bank  as  compared 
with  its  tendency  to  erode  the  left 

For  the  purpose  of  securing  a  quantitative  result  the  Missis- 
sippi River  will  be  used  in  illustration.  In  its  lower  course 
the  sharpest  bends  have  a  radius  of  curvature,  measured  to  the 
center  of  the  channel,  of  about  8,000  feet.  These  curves, 
together  with  all  other  channel  features,  are  determined  by  the 
water  at  its  flood  stage.  It  is  therefore  proper  to  consider  in 
this  connection  the  mean  flood  velocity.  That  was  determined 
by  Humphreys  and  Abbott  to  be,  at  Columbus,  Kentucky,  84 
feet  per  second.  The  latitude  of  the  locality  is  37°.  Giving 
these  values  to  />,  r,  ^  and  substituting  for  n  its  numerical 
value  -000072924,  we  obtain  from  (6) 

^=1-087 

The  selective  tendency  toward  the  right  bank  is  therefore 
nearly  nine  per  cent  greater  than  toward  the  left 

With  the  elements  of  another  stream  it  is  probable  that  a 
very  diff*erent  result  would  be  obtained  ;  but  this  single  exam- 
ple sufiices  to  show  that  while  the  influence  of  rotation  is  small, 
as  compared  to  that  of  curvature,  it  is  still  of  the  same  order 
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-of  magnitade,  and  may  reasonably  be  expected  to  modify  the 
results  of  the  more  powerful  agent  In  the  present  state  of 
liydraulic  science  it  is  impossible  to  define  the  quantitative 
relation  between  the  tendency  of  swift  threads  of  current 
toward  a  bank  and  the  consequent  erosion ;  but  whatever  that 
relation  may  be,  I  conceive  that  rotation  is  competent  to  pro- 
duce appreciable  results  wherever  those  due  to  curvature  are 
great. 

It  will  be  observed  that  the  efiSciency  of  rotation  thus  advo- 
cated is  on]}^  in  connection  with,  and  as  an  adjunct  to,  lateral 
wear  by  means  of  curvature.  There  are  two  general  oases,  in- 
cluding a  large  share  of  all  streams,  to  which  the  conclusion 
does  not  apply.  (I.)  A  stream  which  rapidly  corrades  the 
bottom  of  its  channel  does  not  notably  corrade  its  banks ;  and 
in  such  case  the  effect  of  rotation  should  not  be  discoverable. 


(2.^  A  stream  engaged  in  the  deposition  of  detritus,  as  on  a 
delta  or  an  alluvi^  fan,  shifts  its  channel  from  side  to  side  by 
a  process  entirely  distinct  from  the  one  just  described.  It 
builds  up  its  bed  until  it  is  higher  than  the  adjacent  plain,  and 
then  transfers  its  current  bodily  to  a  different  course.  Rota- 
tion has  its  share  of  influence  in  determining  the  direction  of 
this  transfer,  and  it  thereby  induces  the  stream  to  build  its 
alluvial  plain  higher  on  the  right  than  on  the  left;  but,  the 
difference  of  level  having  been  established,  the  stream  has 
thereafter  no  more  tendency  to  one  side  than  the  other.  Deflec- 
tive effects  of  rotation  are  therefore  not  to  be  sought  in  regions 
of  alluvial  deposition. 

It  may  be  remarked  also  that  the  tendency  of  a  stream 
toward  one  bank  or  the  other  by  reason  of  curvature  and  rota- 
tion is  often  overpowered  by  an  opposite  tendency  due  to 
obstructions.  These  include  resisting  members  of  the  eroded 
terrane  and  alluvial  dams  deposited  at  one  bank  or  the  other 
by  tributaries. 

A  general  curvature  in  the  course  of  the  valley  through 
which  the  stream  flows  has  the  same  tendency,  though  in  a  less 
degree,  as  does  the  curvature  of  a  short  bend,  and  this  tendency 
must  in  many  instances  nullify  or  conceal  the  results  of  rota- 
tion. 

Visible  examples  of  the  work  of  rotation  are  therefore  to  be 
sought  especially  in  streams  which,  with  courses  in  the  main 
direct,  are  slowly  deepening  their  valleys  by  the  excavation  of 
homogeneous  material.  The  best  locality  of  which  I  have  any 
knowledge  is  one  to  which  attention  was  called  by  Mr.  Elias 
Lewis  in  this  Journal  for  February,  1877,  and  which  has  re- 
cently been  visited  at  my  request  by  Mr.  I.  C.  Russell.  The 
south  side  of  Long  Island  is  a  plain  of  remarkable  evenness, 
descending  with  gentle  inclination  from  the  morainic  ridge  of 
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the  interior  to  the  Atlantic  ocean.  It  is  crossed  by  a  great 
number  of  small  streams  which  have  excavated  shallow  vailevs 
in  the  homogeneous  modified  drift  of  the  plain.  Each  of  these 
little  valleys  is  limited  on  the  west  or  right  side  by  a  bluff  from 
ten  to  twenty  feet  high,  while  its  gentle  slope  on  the  left  side 
merges  imperceptibly  with  the  general  plain.  The  stream  in 
each  case  follows  closely  the  bluff  at  the  right.  There  seems 
to  be  no  room  for  reasonable  doubt  that  these  peculiar  features 
are,  as  believed  by  Mr.  Lewis,  the  result  of  terrestrial  rotation. 
As  the  streams  carve  their  valleys  deeper,  they  are  induced  by 
rotation  to  excavate  their  right  banks  more  than  their  left, 
gradually  shifting  their  positions  to  the  right  and  maintaining 
stream  cliffs  on  that  side  only. 


Art.  L. — Examination  of  Mr.  A  Ifred  R.  Wallace's  Modification 
of  the  Physical  Theory  of  ISecular  Changes  of  Climate ;  by 
James  Croll,  LL.D.,  F.R.S. 

[Continued  from  page  93.] 

Part  II. —  Geological  and  PaUontological  Facta  in  relation  to 
Mr,  Wallace's  Modification  oftJie  Theory. 

Mr.  Wallace's  chief,  and  indeed  only  real  modification  of  my 
theory,  is  to  the  effect,  as  I  have  pointed  out,  that  the  alternate 
phases  of  prec.ession  causing  the  winter  of  each  hemisphere  to 
be  in  aphelion  and  perihelion  each  10,600  years  would  produce 
a  complete  change  of  climate  only  when  a  country  was  partially 
snow-clad.  According  to  his  view,  when  the  greater  part  of 
Northwestern  Europe  was  almost  wholly  buried  under  snow 
and  ice,  tliose  glacial  conditions  must  have  continued,  and  per- 
haps have  even  become  intensified,  when  the  winter  solstice 
moved  round  to  periiielion,  instead  of  being  replaced,  as  I  have 
maintained,  by  an  almost  perpetual  spring.  In  short,  Mr. 
Wallace's  conclusion  is  that,  during  the  Glacial  Epoch  proper,  a 
warm  and  equable  Interglacial  Period  could  not  have  occurred. 

In  the  preceding  part  of  this  paper  I  have  endeavored  to 
show  that  physical  principles  do  not  warrant  such  a  conclusion. 
I  shall  now  proceed  to  consider  what  the  direct  testimony  of 
Geology  and  Pale()ntolo«2:y  is  on  the  subject:  and  I  believe  we 
shall  find  that  the  facts  of  Geology  and  Paleontology  are  as  much 
opposed  to  the  conclusion  as  are  the  principles  of  Physics. 

On  this  point  I  may  quote  the  evidence  of  a  geologist  who, 
more  than  any  other,  has  devoted  special  attention  to  all  points 
relating  to  Glacial  and  Interglacial  periods.  Prof.  J.  Geikie, 
after  devoting  upwards  of  500  pages  of  his  *  Prehistoric  Europe^ 
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to  the  consideration  and  accumulation  of  facts  froin  all  parts  of 
this  country  and  the  continent  relating  to  Glacial  and  Inter- 
glacial  periods,  gives  the  following  as  the  result  of  his  investiga- 
tions : — 

"We  note,"  he  says,  "as  we  advance  from  Pliocene  times, 
how  the  climatic  conditions  of  the  colder  epochs  of  the  Glacial 
Period  increase  in  severity  until  they  culminate  with  the 
appearance  of  that  great  northern  mer  de  glace  which  over- 
whelmed all  Northern  Europe,  and  reached  as  far  south  as  the 
50th  parallel  of  latitude  in  Saxony.  Thereafter  the  glacial 
epochs  decline  in  importance  until  in  the  Postglacial  Period 
they  cease  to  return.  The  genial  climate  of  Interglacial  ages 
probably  also  attained  a  maximum  toward  the  middle  of  the 
Pleistocene  Period,  and  afterwards  became  less  genial  at  suc- 
cessive stages,  the  temperate  and  equable  conditions  of  early 
Postglacial  times  being  probably  the  latest  manifestation  of 
the  Interglacial  phase.  "     (^Prehistoric  Europe,'  p.  561.) 

I  shall  now  quote  the  same  author's  description  of  an  Inter- 
glacial Period  as  demonstrated  by  its  flora  and  fauna.  The 
reader  must,  however,  observe  that  by  Pleistocene  Period,  Pro- 
fessor Geikie  means  the  so-called  Glacial  Period  with  its  alter- 
nations of  severe  arctic  climate  and  mild  and  genial  conditions. 
See  p.  544,  'Prehistoric  Europe.' 

"  An  examination,"  he  says,  "of  Pleistocene  organic  remains 
leads  us  to  conclude  that  strongly  contrasted  climatic  conditions 
alternated  during  the  Period.  At  one  time  an  extremelv 
equable  and  genial  climate  prevailed,  allowing  animals,  which 
are  now  relegated  to  widely-separated  zones,  to  live  throughout 
the  year  in  one  and  the  same  latitude.  Hippopotamuses,  ele- 
phants and  rhinoceroses,  Irish  deer,  horse?,  oxen  and  bisons 
then  ranged  from  the  borders  of  the  Mediterranean  as  far  north 
at  least  as  Middle  England  and  Northern  Germany.  In  like 
manner,  plants  which  no  longer  occur  together — some  being 
banished  to  hilly  regions,  while  others  are  restricted  to  low 
grounds,  and  yet  others  have  retreated  to  the  extreme  south  of 
the  Continent  or  to  warmer  regions  beyond  the  limits  of  Europe 
—  lived  side  by  side.  The  fig-tree,  the'  judas-tree,  and  the 
Canary  laurel  flourished  in  Northern  France  along  with  the 
sycamore,  the  hazel,  and  the  willow.  And  we  encounter  in  the 
Pleistocene  deposits  of  various  countries  in  Europe  the  same 
remarkable  commingling  of  northern  and  southern  forms — of 
forms  that  demand  a  humid  climate  and  are  capable  of  endur 
ing  considerable  cold,  together  with  species  which,  while  seek- 
ing moist  conditions,  yet  could  not  survive  the  cold  of  our 
present  winters.  The  testimony  of  the  mammals  and  plants  is 
confirmed  by  that  of  the  land  and  freshwater  mollusca — ^all  the 
evidence  thus  conspiring  to  demonstrate  that  the  climate   of 
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Pleistocene  Europe  was,  for  some  time  at  all  events,  remarkably 
equable  and  somewhat  humid.  The  summers  may  not  indeed 
have  been  warmer  than  they  are  now ;  the  winters,  however, 
were  certainly  much  more  genial."  (^Prehistoric  Europe,*  p. 
640.) 

This,  be  it  observed,  is  a  description  of  a  condition  of  things 
which  existed  during  an  interglacial  period  belonging,  not  to 
the  close,  but  to  the  very  climax  of  the  Glacial  Epoch.  For 
immediately  preceding  and  succeeding  this  Period  almost  the 
whole  of  Northern  Europe  was  enveloped  in  one  continuous 
sheet  of  ice.  *^  But  if,''  continues  Professor  J.  Geikie,  "the 
evidence  of  such  a  climate  having  formerly  obtained  be  very 
weighty,  not  less  convincing  are  the  proofs,  supplied  by 
the  Pleistocene  deposits,  of  extreme  conditions.  Think  what 
must  have  been  the  state  of  middle  and  Northern  Europe  when 
Paleolithic  man  hunted  the  reindeer  in  Southern  France,  and 
when  the  arctic  willow  and  its  congeners  grew  at  low  levels  in 
Central  Europe.  Reflect  upon  the  fact  that  in  the  very  same 
latitude  in  France,  where  at  one  time  the  Canary  laurel  and 
the  fig-tree  flourished,  the  pine,  the  spruce,  and  northern  and 
high-alpine  mosses  at  another  time  found  a  congenial  habitat 
Bear  in  view,  also,  that  the  land  and  freshwater  mollusks 
testifv  in  like  manner  to  the  same  strongly  contrasted  climate. 
Besides  those  that  tell  of  more  equable  and  genial  conditions 
than  the  present,  there  are  species  now  restricted  to  the  higher 
Alps  and  northern  latitudes  that  formerly  abounded  in  middle 
Europe,  and  their  shells  occur  commingled  in  the  same  deposits 
with  the  remains  of  lemmings,  marmots,  reindeer^  and  other 
northern  and  mountain-loving  animals.'*  (p.  641.) 

But  more  convincing  still  is  another  range  of  facts,  some  of 
which  have  been  adduced  by  Mr.  Wallace  himself.  In  a  sec- 
tion on  alternations  of  warm  and  cold  periods  during  the  Glacial 
Epoch  ('Island  Life,'  p.  114),  he  says: — 

"  The  evidence  tliat  such  was  the  case  *'  (alternate  warm  and 
cold  periods)  *'  is  very  remarkable.  The  *  Till,^  as  we  have  seen, 
could  only  liave  been  formed  when  the  country  was  entirely 
buried  under  a  large  ice-sheet  of  enormous  thickness,  and  when 
it  must  therefore  have  been,  in  all  the  parts  so  covered,  almost 
entirely  destitute  of  animal  and  vegetable  life.  But  in  several 
places  in  Scotland  line  layers  of  sand  and  gravel,  with  beds  of 
peaty  matter,  have  been  found  resting  on  *  till  '  and  again 
covered  by  *  till.'  Sometimes  these  intercalated  beds  are  very 
thin,  but  in  other  cases  they  are  twenty  or  thirty  feet  thick^ 
and  in  them  have  been  found  remains  of  the  extmct  ox,  the 
Irish  elk,  the  horse,  reindeer  and  mammoth.  Here  we  have 
evidence  of  two  distinct  jieriods  of  intense  cold,  and  an  inter- 
vening milder  period  sullicicntly  prolonged   for   the  country 
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)ecome  covered  With  vegetation  and  stocked  with  animal 

et  us  now  see  to  what  all  this  leads.     It  has  been  proved 
ond   the  possibility  of  a  doubt  that,  at  the  time  the  till 

being  formed  which  overlies  x\iq  Scottish  interglacial  beds, 
whole  of  Scotland,  Scandinavia,  the  bed  of  the  North  Sea, 

a  great  part  of  the  north  of  England  was  covered  with 
continuous  sheet  of  ice  upwards  of  2000  feet  in  thickness. 
3  sheet  overwhelmed  the  Hebrides,  the  Orkney  and  Shet- 
1  islands,  extended  into  Bussia,  filled  the  basin  of  the 
:ic,  overflowed  Denmark  and  Holstein,  and  advanced  into 
tb  Germany  as  far  at  least  as  Berlin.  *  It  has  also  been 
lonstrated  that,  at  the  time  the  Lower  Till  was  being  formed 
ch  underlies  these  interglacial  beds,  northwestern    Europe 

under  a  still  more  severe  state  of  glaciation.  The  ice- 
*t  at  this  time  advanced  farther  south  into  England,  and 
mded  into  North  Germany  as  far  as  Saxony.  It  is  per- 
ly  obvious  that  this  sheet  must  have  destroyed  all  plant 

animal  life  in  Scotland ;  and  before  the  country  could 
B  become  covered  with  vegetation  and  stocked  with  those 
rglaciai  animals,  to  which  Mr.  Wallace  refers,  the  ice  must 
e  disappeared  and  the  climate  become  mild, 
qually  conclusive  are  the  facts  adduced  by  Mr.  Wallace  in 
rence  to  the  interglacial  beds  of  England.  **In  the  east 
)ngland,  Mr.  Skertchly,"  he  says,  "enumerates  four  distinct 
Ider  clays  with  intervening  deposits  of  gravels  and  sands. 

Searles  V.  Wood,  Jr.,  classes  the  most  recent  (Hessle) 
Ider-clay  as  *  post-glacial,'  but  he  admits  an  intervening 
mer  period,  characterized   by  southern  forms  of  mollusca 

insects,  after  which  glacial  conditions  again  prevailed 
I  northern  types  of  mollusca.  Elsewhere  Mr.  Wood  says : 
oking  at  the  presence  of  such  fluviatile  mollusca  as  Cyrena 
unalis  and  Unio  littoralis  and  of  such  mammalia  as  the  hip- 
Dtamus  and  other  great  pachyderms,  and  of  such  a  littoral 
itanian  fauna  as  that  of  the  Selsea  bed,  where  it  is  mixed 
vith  the  remains  of  some  of  those  pachyderms,  as  well  as 
)me  other  features,  it  has  seemed  to  me  that  the  climate  of 
earlier  part  of  the  Post-glacial  Period  in  England  was  pos- 
J  even  warmer  than  our  present  climate ;  and  ihat  it  was 
ceded  by  a  refrigeration  sufficiently  severe  to  cause  ice  to 
I  all  round  our  coasts,  and  glaciers  to  accumulate  in  the 
3VS  of  the  mountain  districts.' "  That  these  faunae  indicate 
irm  and  equable  condition  of  climate  is  further  evident 
I  Mr.  Wallace's  remarks :  "  The  fact,"  he  says,  **  of  the 
►opotamus  having  lived  at  54°  north  latitude  in  Eng- 
,  quite  close  to  the  time  of  the  Glacial  Epoch,  is  absolutely 
nsistent  with   a   mere  gradual    amelioration    of    climate 
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from  that  time  to  the  present  day.  The  immense  qaantiljr 
of  vegetable  food  which  this  creature  requires,  imph'es  a  mild 
and  uniform  climate  with  hardly  any  severe  winter;  and  no 
theory  that  has  yet  been  suggested  renders  this  possible  except 
that  of  alternate  cold  and  warm  periods  during  the  Glacial 
Epoch  itself Thus  the  very  existence  of  the  hippo- 
potamus in  Yorkshire  as  well  as  in  the  south  of  England  in 
close  association  with  glacial  conditions  must  be  held  to  be  a 
strong  corroborative  argument  in  favor  of  the  reality  of  an 
interglacial  warm  period.*' 

I  trust  that  Mr.  Wallace  has  not  been  misled  by  Mr.  Wood's 
unfortunate  use  of  the  term  *' Postglacial"  as  applied  to  the 
Hessle  bowlder-clay.  The  Elessle  bowlder-clay  as  surely  belongs 
to  the  Glacial  Period  proper  as  does  the  true  Till  of  Scotland, 
which  covers  the  lowlands  and  overlies  the  interglacial  beds 
of  that  country.  It  is  the  moraine  profonde  of  the  last  met 
de  glace  which  covered  the  greater  part  of  northwestern  Europe. 
The  Upper  Till  of  Scotland  and  the  Hessle  bowlder-clay  of 
England  belong  to  the  same  period.  This  has  been  clearly 
shown  by  Professor  J.  Geikie  in  his  *  Great  Ice- Age,*  chapter 
XXX  (2d  edition),  and  in  *  Prehistoric  Europe,*  chapter  xii,  and 
elsewhere.  The  Hessle  bowlderday  is,  in  short,  a  continua- 
tion of  the  Upper  Till  of  Scotland. 

The  position  of  these  Hessle  beds  to  which  Mr.  Wallace 
refers,  like  that  of  the  mterglacial  beds  of  Scotland,  is  between 
two  bowlder-clays — the  Hessle  and  the  Purple  bowlder-clays, 
both  of  which  indicate  a  period  of  extreme  glaciation ;  only 
the  Purple  bowlder-clay  period  was  somewhat  the  more  severe 
of  the  two.  At  both  periods  the  greater  part  of  northwestern 
Europe  was  buried  under  ice.  We  know  that  during  the  last 
great  ice- period,  which  was  undoubtedly  the  period  of  the 
Hessle  bowlder-clay,  the  icesheet  reached  in  North  Germany 
as  far  as  Berlin  ;  while  during  the  period  of  the  Purple  bowl- 
der-clay it  advanced  to  about  Saxony. 

The  observations  of  Professor  Torrell,  Dr.  A.  Penck,  Pro- 
fessor Credner,  Professor  Berendt,  Dr.  Jentzsch,  A.  Holland, 
F.  Wohnscliaffe,  11.  Habenicht,  and  other  geologists  have 
shown  that  there  are  in  North  Germany  three  distinct  bowlder- 
clays — an  Upper,  Middle,  and  Lower,  with  two  series  of  inter- 
glacial beds.  In  these  interglacial  beds  have  been  found 
organic  remains  which  evidently  indicate  a  mild  and  genial 
condition  of  climate.  The  younger  interglacial  period  (the  one 
prior  to  the  last  great  extension  of  the  ice)  in  all  probability 
corresponds  to  the  last  interglacial  period  of  Scotlana,  England 
and  Ireland.  Interglacial  beds  belonging  to  the  same  period 
liave  been  found  in  Switzerland,  Italy,  Denmark,  Nortb 
America,  and  other  places,  all  indicating  a  mild  and  equable 
condition  of  cWmave. 
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There  is  another  class  of  facts,  almost  entirely  overlooked, 
hich  prove  even  more  conclusively  the  warm  character  of 
terglacial  periods.  These  facts  will,  however,  be  more  appro- 
iately  discussed  when  we  come  to  consider  the  question  of 
arm  polar  climates. 

It  would  be  impossible  .within  the  limits  of  the  present 
iper  to  give  even  the  briefest  outline  of  the  recent  discover- 
s  in  regard  to  interglacial  periods.  But  though  thifv  were 
>ssible  it  would  be  wholly  unnecessary,  as  the  facts  which 
ive  already  been  adduced  by  Mr.  Wallace  himself  are  per- 
ctly  sufficient  for  our  present  purpose. 

If  now  it  be  true,  as  it  undoubtedly  is,  that  the  Hessle 
>wlder-clay  of  England  belongs  to  the  same  age  as  the  Upper 
ill  of  Scotland,  and  that  the  last  warm  interglacial  period, 
hen  the  Gijrena  Jlumlnalts  and  Unio  littoralia^  the  hippo- 
3tamus,  the  Elephas  antiquusy  and  other  animals  of  a  southern 
'pe  lived  in  England,  occurred  between  two  glacial  periods  sa 
jvere  as  to  envelop  the  greater  part  of  northwestern  Europe 
I  a  continuous  sheet  of  ice,  then  this  particular  interglacial 
sriod  must  have  intervened  during  a  high  state  of  eccen- 
icity,  and  not,  as  Mr.  Wallace  assumes,  at  a  period  subsequent 

>  the  Glacial  Epoch  proper,  when  the  eccentricity  had  greatly 
iminished.  This  is  obvious;  for  if  the  last  great  ice-sheet 
)uld  have  been  produced  without  a  high  state  of  eccentricity, 
len  there  seems  no  reason  why  the  one  preceding  it  should 
>t  also  have  been  produced  without  high  eccentricity.  If  so, 
ten  all  the  previous  ice-sheets  may  in  like  manner  have  been 

►  produced.  For  the  diflFerence  in  magnitude  between  the 
st  and  penultimate  ice-sheets  was  not  so  great  as  to  warrant 
e  supposition  of  any  considerable  difference  in    the  amount 

eccentricity  at  the  two  periods  when  these  ice-sheets  were 
spectively  developed.  In  short,  if  the  last  great  ice-sheet 
.n  be  explained  without  the  supposition  of  a  high  state  of 
jcentricity,  then  there  does  not  appear  to  be  any  real  necessity 
•r  any  theory  of  eccentricity  in  accounting  for  the  Glacial 
poch. 

If  we  adopt  the  Physical  theory  of  the  cause  of  the  Glacial 
poch,  we  are  compelled  to  maintain  that  the  last  two  great  Ice- 
3riods  were  the  indirect  results  of  a  high  state  of  eccentricity,. 
id  in  this  case  we  can  hardly  avoid  the  conclusion  that  the 
lild  intervening  period  was  due  to  the  same  cause.  The 
jcurrence  of  a  mild  interglacial  period  between  the  two  ice- 
sriods  is  directly  in  opposition  to  Mr.  Wallace's  view  that 
uring  a  high  state  of  eccentricity  the  ice  would  not  disappear 
ut  be  continued.  It  is  in  perfect  harmony,  however,  with 
lat  which  I  advocate;  for  during  high  eccentricity  a  mild 
nd  equable  condition  of  climate,  when  the  winters  occur  in 
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perihelion,  is  as  much  a  necessary  result  as  a  cold  and  glacial 
condition  when  they  occur  in  aphelion. 

The  facts  of  Geology  thus  to  me  appear  so  far  to  be  as  much 
opposed  to  Mr.  Wallace's  modifications  as  are  the  principles  of 
Physics. 

jbifficuUy  in  detecting  the  Climatic  Character  of  the  eartier 
Interglacial  Periods, — It  follows  according  to  theory  that,  other 
things  being  equal,  the  greater  the  amount  of  eccentricity  the 
more  equable  and  mild  will  the  interglacial  periods  be.  It  is 
probable  therefore  that  some  of  the  earlier  interglacial  periods 
were  milder  and  more  equable  than  the  last  It  may  be  aifficult 
in  the  present  state  of  our  knowledge  to  prove  this  conclosioQ 
by  direct  geological  and  paleontological  evidence ;  but,  on 
the  other  hand,  it  is  certainly  impossible  to  disprove  it  by  that 
means.  The  absence  of  dep)osits  containing  organic  remaios 
indicative  of  a  superior  mildness  of  climate  having  obtained 
during  early  interglacial  periods  cannot  certainly  be  regarded 
as  satisfactory  evidence  against  the  conclusion  just  referred  ta 
When  we  consider  the  enormous  pressure  and  destructive 
power  of  an  ice-sheet  some  2000  or  3000  feet  in  thickness 
grinding  down  the  face  of  a  country^  our  surprise  is  that  so 
much  evidence  remains  of  even  the  last  interglacial  period 
That  so  few  relics  of  the  flora  and  fauna  of  preceding  inter- 
glacial periods  have  been  preserved  is  a  conclusion  which  we 
might  d  priori  anticipate.  This  fact  has  been  clearly  pointed 
out  by  Mr.  Wallace  himself,  who  says: — "If  there  have  been, 
not  two  only,  but  a  series  of  such  alternations  of  climate,  we 
could  not  possibly  expect  to  find  more  than  the  most  slender 
indications  of  them,  because  each  succeeding  ice-sheet  would 
necessarily  grind  down  or  otherwise  destroy  much  of  the 
superficial  deposits  left  by  its  predecessors,  while  the  torrents 
that  must  always  have  accompanied  the  melting  of  these  huge 
masses  of  ice  would  wash  away  even  such  fragments  as  might 
have  escaped  the  ice  itself"  (p.  118). 

When  we  pass  beyond  the  limits  reached  by  the  ice-sheets 
of  the  Glacial  Epoch  we  may  expect,  of  course,  to  find  the 
remains  of  many  of  the  plants  and  animals  which  lived  during 
the  earlier  interglacial  periods.  But  here,  again,  we  encounter 
another  difficulty  ;  for  we  have  in  this  case  seldom  any  means 
of  determining  the  age  to  which  these  remains  belong.  Unleai 
in  relation  to  overlying  and  underlying  bowlder-clays,  there 
seems  in  many  cases  no  way  of  knowing  to  what  interglacial 
period  they  ought  to  be  assigned ;  or,  in  fact,  whether  thej 
are  really  interglacial  or  not.  If  the  remains  in  question 
iiiilicatod  a  condition  of  climate  much  milder  than  the  present, 
the  probability  is  that  they  would  be  classified  as  preglacial 
1  fully  agree  with  Prof.  J.  Geikie,  that  many  of  those  plants 
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and  animals  of  a  southern  type  which  have  been  regarded  as 
Preglacial  are  in  reality  of  Interglacial  age. 

&>J€ciion  as  to  the  number  of  Interglacial  Periods. — It  has 
been  ui^ed  as  an  objection  to  Xhe  Physical  theory  of  the 
Glacial  Epoch,  that  according  to  it  there  ought  to  have  been 
more  interglacial  periods  than  we  have  direct  evidence  of 
having  actually  occurred.  I  am  doubtful  as  to  the  force  of 
this  objection.  I  do  not  think  that  there  could  have  been  more 
than  about  five  well-marked  interglacial  periods  during  the 
entire  Glacial  Epoch ;  three  probably  during  the  former  half  of 
the  epoch,  and  certainly  not  more  than  two  during  the  latter 
halt  There  would  be  a  large  interval  between  the  two  maxima 
of  eccentricity  of  100,000  and  200,000  years  ago,  when  the 
alternations  of  climate  would  be  comparatively  moderate  in 
extent.  Besides  it  is  not  correct  to  assume,  as  is  generally 
done,  that  the  interval  between  two  consecutive  interglacial 
periods  is  only  21,000  years ;  for  the  mean  rate  of  motion  of 
the  perihelion  during  the  Glacial  Epoch  was  considerably  less 
than  has  been  assumed.  It  will  be  seen  from  the  table  of  the 
Longitude  of  the  Perihelion,  given  in  'Climate  and  Time/ 
p.  320,  that  it  has  taken  the  perihelion  231,000  years  to  make 
one  complete  revolution. 

If,  therefore  we  assume,  what  of  course  is  not  certain,  that 
mean  rate  of  precession  during  the  Glacial  Epoch  to  have  been 
the  same  as  the  present,  then  the  rate  of  precession  to  that  of 
the  perihelion's  motion  would,  in  this  case,  be  as  9  to  1.  The 
eqninoxial  point  will  take  25,811  years  to  make  one  revolution  ; 
but  as  the  perihelion  moves  in  the  opposite  direction,  it  will 
reduce  the  time  taken  by  the  point  in  passing  from  perihelion 
round  to  perihelion  to  23,230  years,  which  will  represent  the 
mean  interval  between  two  consecutive  interglacial  periods. 
But  as  the  motion  of  the  perihelion  was  very  irregular,  the 
length  of  the  interval  between  the  periods  would  of  course 
differ  considerably. 

When  we  consider  how  difficult  it  must  be  to  detect  in  teh 
drift  covering  glaciated  countries  even  a  relic  of  early  intergla- 
cial deposits,  and  when  moreover  we  remember  that  it  is  only 
within  the  past  few  years  that  geologists  have  begun  to  bestow 
any  attention  on  the  subject,  it  is  certainly  not  surprising  that 
direct  geological  evidence  of  so  few  interglacial  periods  has  as 
yet  been  discovered.  In  England,  geologists  have,  however, 
already  detected  evidence  of  three  interglacial  periods  with  four 
or  five  ice-periods.  In  Germany,  quite  recently,  two  intergla- 
eial  periods  and  three  or  more  ice-periods  have  been  recognized 
by  comj)etent  observers.  In  Denmark  there  are  four  bowlder- 
clays  separated  by  intercalated  beds  of  sand  and  clay.  In  se- 
Terely  glaciated  bcotland,  where  traces  of  former  interglacial 
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periods  can  hardly  be  expected,  there  have  nevertheless  been 
found  in  old  preglacial  buried  channels  and  other  sheltered 
hollows  three,  four,  and  in  some  places  five,  bowlder-clays,  sep- 
arated from  one  aitother  by  immense  beds  of  sand,  gravel  and 
■clay.  Some  of  these  beds  are  found  to  be  continuous  for  long 
distances.  It  is  true  that  these  intercalated  beds  have  yielded 
few  or  no  organic  remains,  but  it  may  well  be  that  further  re- 
search will  yet  result  in  the  discovery  of  more  abundant  fossils; 
for  frequently  the  beds  in  question  are  too  thick  and  too  exten- 
sive to  allow  us  to  infer  their  subglacial  origin.  They  do  not 
in  such  respects  resemble  the  deposits  which  have  been  accu- 
mulated by  aqueous  action  under  ice,  but  have  all  the  charac- 
teristics of  deposits  which  have  been  laid  down  in  lakes  and 
lacustrine  hollows.  As  some  have  already  yielded  organic 
remains,  a  more  extended  scrutiny  will  probably  lead  to  the 
discovery  of  similar  fossils  in  those  beds  which  are  at  present 
believed  to  be  unfossiliferous. 

Interglacial  Periods  less  strongly  marked  in  Temperate  Regwm 
4han  Olacial, — I  quite  agree  with  Mr.  Wallace  that  ihe  intergla- 
cial deposits  never  exhibit  any  indication  of  a  climate  whose 
warmth  corresponded  to  the  severity  of  the  preceding  cold. 
This,  however,  cannot  be  urged  as  an  objection,  for  it  is  a  result 
which  follows  as  a  necessary  consequence  from  theory.  It  the- 
oretically follows  that  the  cold  of  the  glacial  periods  will  not 
only  exceed  in  severity  the  heat  of  the  interglacial,  but  will  also 
be  of  longer  duration.  During  the  glacial  periods  extreme  cold 
is  the  (characteristic  of  the  winters,  which,  owing  to  the  presence 
of  snow  and  ice,  only  becomes  moderated,  although,  of  course 
considerably,  during  tlie  summers.  But,  on  the  other  han<i, 
during  interglacial  periods  mildness  and  equability  of  tempera- 
ture niiher  than  heat  are  the  characteristics  both  of  summer  and 
winter. 

That  the  cold  of  the  glacial  periods  must  have  continued 
longer  than  the  warmth  of  the  interglacial  will,  I  think,  be  ap- 
parent from  ihe  following  considerations.  As  long  as  a  country 
remains  ))ernianently  covered  with  snow  and. ice,  the  climate,  as 
has  been  repeatedly  shown,  must  continue  cold/ no  matter  what 
the  direct  heat  of  the  sun  may  be.  Astronomically  considered 
the  interglacial  periods  are,  of  coui*3e,  of  the  same  length  as  tiie 
glacial, — the  mean  length  of  which,  during  the  Glacial  E|X)cli, 
was  about  11, (100  years;  but  the  cold  of  a  glacial  period  would 
not,  as  we  shall  presently  see,  actually  terminate  at  the  end  of 
the  period,  but  would  be  continued  on  probably  for  centuries 
into  the  succeeding  interglacial  period.  Suppose  that  during 
a  glacial  period  the  country  is  covered  with  a  sheet  of  ice,  which 
during  the  continuance  of  the  period  had  accumulated  to  the 
thickness  of  2000  or  oOOO  feet.     All  this  enormous  quantity  of 
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ice  would  have  to  be  melted  off  the  ground  before  the  warmth 
of  the  interglacial  period  would  commence.  So  long  as  a  single 
inch  of  ice  covered  the  surface  of  the  country,  the  cold  would 
continue.  Ice,  as  we  have  seen,  by  chilliftg  the  air  induces 
fresh  snow  to  fall;  and  of  course  it  is  only  when  the  amount  of 
ice  annually  melted  exceeds  tliat  being  formed  from  the  falling 
snow,  that  a  diminution  in  the  thickness  of  the  sheet  would 
begin  to  take  place.  A  real  melting  of  the  ice,  and  consequent 
decrease  in  the  thickness  of  the  sheet,  would  probably  not  com- 
mence till  the  astronomical  and  physical  agencies  in  operation 
during  the  glacial  period  began  to  act  in  an  opposite  direction. 
In  short,  it  would  be  the  favorable  conditions  of  the  interglacial 
period  that  would  eflFectually  remove  the  ice;  and  it  would  be 
then,  and  only  then,  that  the  warmth  would  begin.  While, 
again,  at  the  close  of  the  period,  when  the  first  inch  of  ice  made 
its  appearance  on  the  surface  of  the  country,  the  interglacial 
condition  of  climate  would  come  to  an  end.  The  time  required 
to  remove  the  ice  does  not  prevent  an  interglacial  condition  of 
climate ;  it  only  somewhat  shortens  its  duration. 

There  is  another  circumstance  worthy  of  notice  here.  It  is 
this :  as  the  mild  and  equable  character  of  the  climate  during 
ihterglacial  periods  resulted  to  a  large  extent  from  the  enormous 
transference  of  equatorial  heat,  and  its  distribution  over  temper- 
ate and  polar  regions,  the  difference  of  climatic  conditions  be- 
tween the  subtropical  and  the  temperate  and  polar  regions 
would  be  less  marked  than  at  present;  in  other  words,  the  tem- 
perature would  not  differ  so  much  with  latitude  as  it  does  at 
present  This,  as  we  have  seen,  is  a  conclusion  which  is  fully 
Dome  out  by  geological  and  paleontological  facts. 

The  question  as  to  the  probable  cause  of  warm  polar  climates 
will  next  be  considered. 
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Art.  LI.— -4  new  Marsupial  from  the  Miocene  of  Colorado; 

by  W.  B.  Scott. 

Although  there  can  be  no  reason  to  doubt  that  Marsupial 
animals  of  the  opossum  type  existed  in  North  America  during 
Miocene  times  no  remains  of  them,  so  far  as  I  am  aware,  have 
hitherto  been  found.  The  Princeton  expedition  of  1882  ob- 
tained from  the  Miocene  deposits  of  Chalk  Bluffs,  Colorado,  a 
portion  of  a  very  small  lower  jaw  containing  four  molar  teeth, 
which  on  examination  proves  to  have  belonged  to  a  small 
opossum  not  generically  different  from  Didelphys  virgtniana, 
but  very  obviously  distinct  from  that  species. 

This  species  may  be  called  Didelphys  pygmcea,  and  is  defined 
as  follows.  Opossum  very  small,  intermediate  in  size  between 
JD.  murina  and  D.  elegans  of  South  America.  Lower  mai^n 
of  the  jaw  nearly  straight,  and  the  ramus  beneath  the  molar 
teeth  of  nearly  uniform  depth ;  coronoid  process  very  weak, 
condyle  marked  off  on  a  distinct  neck;  inflected  angle  of  jaw 
projecting  considerably  behind  the  condyle.  Molar  teeth  con- 
structed on  the  ordinary  opossum  type,  antero-internal  cuspB 
of  penultimate  molar  very  small,  and  heel  of  last  molar  con- 
sisting of  two  cusps  instead  of  three,  as  in  D,  virginiana. 


X  4-  ^^^^MiB^^^^^^^^^"™"  r.  c.  E. 

Left  ramus  mandlbuli  of  D.  pygmcsaj  seen  from  the  inner  side ;  4  times  the 
natural  size. 

This  little  animal  was  doubtless  an  insectivorous  opossum^ 
some  three  or  four  inches  long,  and  finds  its  nearest  living  rep- 
resentatives in  the  small  insect-eating  opossums  of  South 
America.  It  would  be  interesting  to  make  an  extended  com- 
parison with  some  of  the  latter,  but  as  yet  I  have  had  no 
opportunity  to  do  this.  Such  opossums  probably  abounded  in 
the  sub-tropical  Miocene  forests  of  our  western  territories,  in 
spite  of  the  fact  that  they  are  extremely  rare  as  fossils.  This 
rarity  can  readily  be  understood  when  we  remember  their 
minute  size  and  probably  arboreal  habits.  The  homogeneous 
and  fine-grained  matrix  of  Chalk  Bluffs  is  well  adapted  to  the 
preservation  of  such  forms,  and  it  is  therefore  no  matter  of  sar- 
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s  that  a  far  larger  number  of  very  small  mammals  should 
:ound  there  than  in  the  coarser  matrix  of  the  White  River 
rict  in  Dakota. 

[orphologically  this  new  species  is  of  very  small  value,  as  it 
ws  no  important  light  upon  questions  of  descent  But  as 
ntribution  to  geographical  zoology  it  is  of  great  interest, 
emonstrates  the  fact  that  the  small  insectivorous  opossums, 

characteristic  of  South  America,  existed  in  Miocene  times 
•J^orth  America,  and  is  additional  evidence  that  the  latter 
;inent  is  the  source  from  which  the  former  received  the 
iter  part  of  its  animal  population,  just  ns  the  great  Pale- 
ic  continent  seems  to  have  been  the  original  source  of  the 
lern  faunas  of  the  Ethiopian  and  Oriental  regions.  Thus, 
tapir,  the  llama  tribe,  many  edentates,  the  peccaries,  and  in 
probability  the  monkeys  and  cats,  have  been  traced  to  their 
in  in  North  America.  The  small  opossum  just  described 
58  another  characteristic  feature  of  the  South  American 
la ;  and  I  may  add  that  a  small  lizard  from  Chalk  Bluffs, 
'  in  the  Princeton  Museum  and  as  yet  undescribed,  points 
be  same  direction, 
here  is  thus  every  rejtson  to  believe  that  future  discoveries 

supply  the  missing  terms  and  that  it  will  be  seen  that  the 
tiary  fauna  of  North  America  was  the  starting  point  for  the 
int  fauna  of  South  America,  just  as  migrations  from  Greece 
Pliocene  times  gave  rise  to  the  characteristic  mammalian 
ulation  of  modern  Africa. 

Measurements. 

Length  of  molar  series 0*007" 

"  Ist  molar 0*0015 

"  2d      "       0*002 

"  3d      "       0002 

"  4th    "       0*0015 

Height  of  4th  molar 0*002 

Depth  of  ramus  beneath  Ist  molar 0*0035 

Depth  of  ramus  beneath  4th  molar 0*004 

or  the  accompanying  sketch,  as  well  as  for  the  exceedingly 
cate  and  difHcult  work  of  preparing  and  mounting  this 
ute  specimen,  I  am  indebted  to  Curator  F.  C.  Hill. 

rinceton,  N.  J.,  May  5,  1884. 

I.  Jour.  Sci.— Third  Sbribs,  Vol.  XXVII,  No.  163.— June,  1884. 
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Art.  LII. — On  a  method  of  obtaining  autographic  records  of  tite 
free  vibrations  of  a  tuning fork^  and  on  the  autographic  reconi- 
ing  oj  beats  ;  by  Alfred  G.  Compton. 

The  exact  determination  of  the  rate  of  vibration  of  a  tuniDg- 
fork  by  means  of  the  siren  has  heretofore  been  attended  with 
errors  resulting  from  imperfections  of  the  recording  gear,  and 
difficulty  of  maintaining  and  counting  the  beats  of  the  two 
tones.  I  have  sought  to  remove  these  errors  by  obtaining 
autographic  records  of  the  rate  of  the  siren  and  of  the  differ- 
ence between  this  rate  and  that  of  the  fprk.  The  exf)eri. 
menter,  while  obtaining  these  records,  being  freed  from  the 
necessity  of  even  counting  the  beats,  no  personal  element  enters 
into  the  observation,  and  the  records  being  permanent,  can  be 
studied  at  leisure.  The  following  is  the  method  of  obtaining 
the  autographic  records. 

A  strip  of  chemically  prepared  paper,  which  rests  on  a  metal 
wheel,  being  drawn  by  clock-work  under  three  platinum  pens 
placed  in  electric  circuits,  three  simultaneous  electro-chemical 
records  are  received.  One  of  these  is  a  line  of  dots  made  at 
the  rate  of  one  a  second,  by  a  chronometer  placed  in  the  cir- 
cuit of  the  same  battery  with  one  of  the  pens.  The  second  is 
a  row  of  dots  made  by  the  closing  of  the  same  circuit  by  a 
siren  once  in  each  revolution,  while  singing  nearly  in  unison 
with  the  fork.  The  third  is  a  row  of  dots  made  by  the  closing 
of  the  circuit  of  a  second  battery,  once  for  each  beat  of  the 
fork  and  the  siren. 

It  lilies  results  that  from  the  same  strip  of  paper  can  l>c 
counted  the  number  of  revolutions  made  by  the  siren  in  any 
number  of  seconds  (from  which  the  number  of  impulses  pro 
duced  by  the  siren  results),  and  the  number  of  beats  in  the 
same  time, — which  is  the  difference  between  the  uuniber  ol 
shocks  imparted  to  the  air  by  the  siren  and  the  number  iin 
parted  by  the  fork.  The  record  being  made  without  throwing 
any  work  upon  the  fork,  the  rate  of  vibration  of  the  uncon- 
strained fork  results. 

The  following  description  will  give  an  idea  of  the  details  of 
the  method. 

A  break-circuit  chronometer  J  and  a  relay  W  are  included 
in  the  circuit  of  a  battery  B  of  one  carbon  cell.  The  arma- 
ture A  is  therefore  freed  from  the  magnet  once  a  second  by 
the  break-circuit  mechanism  of  the  chronometer.  When  tlie 
armature  is  thus  freed,  a  platinum  point  P  closes  the  circuit  of 
another  battery  B\  the  current  of  which  then  passes  through 
the  armature  A,  the  platinum  contact  point  c,  the  pen  F,  the 
metallic  wheel  R  on  which  the  pen  point  rests,  and  so  hack  to 
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;  battery.  When  the  circuit  of  battery  B  in  closed,  the  re- 
-■armature  makes  coDlact  at  C.  From  C  a  wire  posses  to 
!  framework  of  a  De  ]a  Tour's  siren  S.  Attached  to  the 
me  of  the  siren  is  an  insulated  support  carrying  a  platinum 
ing  K,  which  bears  against  an  ebonite  drum  on  the  axis  of 
!  siren,  and  touches  at  each  revolution  a  strip  of  metal  em- 
Ided  in  the  drum,  and  in  electrical  communication  with  the 
is.     From  the  spring,  n  wire  passes  to  the  platinum  pen  O. 


Follows  that,  when  the  armature  is  in  coiilact  with  C,  which 
ibout  -j^  of  each  second,  the  curtent  of  the  battery  B' flows 
x>ngh  the  post  D,  the  armature  A,  the  contact  point  C  and 
t  siren  S  to  the  pen  G,  and  so  to  the  battery.  A  clock-work 
'es  motion  to  a  fillet  of  paper  moistened  with  a  solution  of 
lide  of  potassium,  drawing  it  between  the  i>en3  and  the 
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roller  R.  When  the  siren  is  revolving,  the  current  of  B' 
passes  through  the  pen  F  at  each  beat  of  the  chronometer,  and 
through  the  pen  G  at  each  revolution  of  the  siren,  unless,  at 
the  moment  of  closing  the  siren-circuit  at  S,  the  same  circuit  is 
opened  through  the  absence  of  the  platinum  point  P  from  the 
contact  point  C  There  are  thus  two  rows  of  dots,  side  by 
side  on  the  paper,  which  give  the  number  of  revolutions  of  the 
siren  and  the  time. 

The  object  sought  in  making  the  records  at  the  two  pens,  F 
and  G  by  the  current,  of  the  same  battery  is  to  secure  the  sup- 
pression of  one  of  the  siren  dots,  whenever  it  coincides  exactly 
with  one  of  the  seconds  dots.  If  this  adjustment  is  perfect, 
the  interval  of  time  between  two  missing  dots  in  the  siren 
record  is  a  whole  number  of  seconds  in  which  an  exact  whole 
number  of  revolutions  of  the  siren  has  been  made;  otherwise 
the  number  of  revolutions  made  is  a  whole  number  plus  a 
fraction  of  uncertain  valua  The  method  of  making  this  ad- 
justment, and  the  conditions  on  which  its  accuracy  depends, 
will  be  discussed  below. 

Between  the  siren  tube  and  the  bellows  is  placed  one  of 
Cavaill^  Col's  pressure- regulators.  With  this  and  a  proper 
adjustment  of  tne  weight  on  the  bellows,  it  is  easy  to  keep  the 
pitch  of  the  siren  so  constant  that  it  shall  give  with  the  tone  of 
a  fork  any  desired  number  of  beats  a  second,  for  thirty  or 
forty  seconds,  with  scarcely  any  perceptible  change  of  rate. 
To  cause  these  beats  to  record  themselves,  the  following  ar- 
rangement is  used. 

The  fork  N  is  mounted  before  the  mouth  of  a  Helmholtz 
resonator  O,  which  is  nearly  or  exactly  in  unison  with  it.  To 
the  small  opening  of  the  resonator  is  fitted  a  cylindrical  drum, 
of  which  the  farther  end  is  closed  by  a  membrane  to  which  is 
glued  a  small  disk  of  platinum  foil.  A  lever  Q,  whose  fulcrum 
is  at  T,  is  moved  by  a  fine  screw  U,  so  that  a  platinum  point 
carried  by  the  lever  may  be  made  to  nearly  or  quite  touch  the 
platinum  disk.  The  platinum  disk  is  connected,  by  fine  wire, 
with  one  pole  of  the  battery  B",  the  current  of  which  flows 
through  the  relay  X,  the  lever  Q,  and  the  platinum  disk,  as 
long  as  the  latter  touches  the  platinum  point  Whenever  the 
membrane  recedes  from  the  platinum  point,  the  circuit  B''  is 
broken ;  the  armature  V  then  closes  the  circuit  of  the  battery 
W^^  and  a  record  is  made  by  the  pen  H  on  the  paper. 

If  now  the  siren  and  the  fork  be  singing  nearly  in  unison, 
beats  will  be  heard  ;  the  two  sets  of  vibrations  being  imparted 
to  the  membrane,  its  vibrations  are  intermittent  The  contact 
between  the  point  and  the  disk  being  so  adjusted  that  the  cir- 
cuit B"  is  broken  once  at  every  beat,  the  beats  record  them- 
selves on  the  fillet  as  a  row  of  dashes  side  by  side  with  the 
other  two  records. 
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The  contact  of  a  rigid  platinum  point  being  found  to  inter- 
fere too  much  with  the  motion  of  the  membrane,  the  point  was 
attached  to  one  end  of  a  light  spring  about  115°^  lo'igj  the 
other  end  of  which  is  soldered  to  the  lever  Q.  The  spring  is 
made  by  flattening  a  piece  of  copper  wire.  It  lies  close  to  the 
lever  and  has  very  little  play,  but  answers  its  purpose  perfectly. 

It  may  be  thought  that  the  relay  X  might  be  dispensed  with, 
the  battery  B''  being  made  to  record  directly  through  the  pen 
H.  By  the  use  of  the  relay,  however,  the  dash  made  by  the 
pen  H  at  each  beat,  can  be  reduced  to  any  convenient  length ; 
and  besides,  the  distinct  clicks  of  the  relay  at  the  beats,  are 
much  easier  to  observe  than  the  beats  themselves,  particu- 
larly when  these  are  not  more  frequent  than  two  or  three  to 
the  second.  The  variations  in  the  rate  of  these  clicks  give 
clear  indications  of  changes  in  the  rate  of  the  siren,  and  their 
cessation  shows  when  the  excursions  of  the  membrane  are  too 
small  to  cause  a  record  of  the  beata 

In  the  management  of  the  apparatus,  it  is  obviously  not 
necessary  that  the  motion  of  the  fillet  of  paper  should  be 
uniform.  Care  has  to  be  taken,  however,  tnat  it  shall  not  at 
any  time  be  retarded  very  much,  as  the  siren  dots  then  become 
too  crowded,  and  cannot  be  counted.  Considerable  inequality 
of  the  pressure  of  the  pens  on  the  paper  will  cause  the  fillet  to 
run  oflF  to  one  side.  This  is  prevented  by. placing  the  three 
pens  as  near  together  and  as  near  the  middle  of  the  fillet  as 
possible,  equalizing  the  pressure  on  them,  providing  the  sides 
of  the  roller  with  flanges,  and  placing  guides  for  the  fillet  just 
in  front  of  the  roller.  Of  course  the  roller  and  all  the  contact 
points  must  be  kept  clean. 

Care  must  be  taKen  that  the  armature  A,  while  very  close  to 
the  poles  of  the  magnet,  shall  not  touch  them,  otherwise  the 
residual  magnetism  will* retard  its  release.  I  find  it  most  con- 
venient to  place  the  plane  of  the  mouth  of  the  resonator  nearly 
parallel  to  the  plane  m  which  the  fork  vibrates,  as  the  resona- 
tor is  then  not  in  the  way  of  the  bow.  The  best  effect  of  the 
fork  in  producing  beating  vibrations  of  the  membrane  occurs, 
however,  when  the  opening  of  the  fork  is  not  exactly  in  front 
of  that  of  the  resonator,  but  at  a  distance  to  one  side,  which 
depends  on  the  distance  of  the  siren.  The  best  position  is 
found  by  sounding  the  siren  and  the  fork,  and  moving  the 
stand  carrying  the  resonator,  till  the  relay  X  is  heard  ticking 
in  unison  with  the  beats.  As  finally  placed  in  the  experiments 
which  ffave  the  best  results,  the  center  of  the  siren  was  80"*™  in 
front  of  the  plane  of  the  mouth  of  the  resonator  and  50™™  to 
the  right  of  the  center  of  the  mouth,  while  the  center  of  the 
fork  was  20™™  in  front  of  the  plane  of  the  mouth,  and  50™™  to 
the  left  of  it. 
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To  adjust  the  contact  point  of  the  membrane,  the  set-screw 
is  turned  forward  while  the  wren  is  sounding,  but  the  fork 
silent,  till  the  click  of  the  relay  X  reports  the  circuit  closed.  If 
now  the  screw  is  turned  gradually  back,  the  relay  will  begin  to 
rattle  or  chatter.  The  best  position  is  that  in  which  the  chat- 
tering is  just  about  to  begin.  If  the  fork  be  now  sounded  by 
a  stroke  of  the  bow,  the  circuit  will  be  broken,  showing  that 
the  membrane  moves  inward  towards  the  vibrating  fork,  afford- 
ing thus  an  interesting  illustration  of  the  well-known  law  that 
atmospheric  pressure  is  diminished  in  the  neighborhood  of  a 
vibrating  body.  As  the  tone  of  the  fork  dies  out,  the  mem- 
brane gradually  returns,  continuing  its  vibrations,  and  while 
returning,  it  will  at  every  beat  close  the  circuit  and  produce  a 
dash  on  the  paper.  If  the  fork  be  too  near  the  mouth  of  the 
resonator,  the  strokes  of  the  beating  relay  will  not  begin  till 
some  time  after  the  stroke  of  the  bow,  when  the  vibrations  of  the 
fork  have  wearly  died  out ;  if  it  is  too  far  away,  they  will  begin 
immediately,  but  will  not  last  long.  The  dashes  will  sometimes 
be  seen  to  consist  of  a  row  of  dots,  showing  that  the  circuit  has 
been  broken  several  times,  not  merely  by  the  maximum  in- 
ward vibration  of  the  membrane,  but  by  several  preceding  and 
following  it.  But  generally,  these  dots  flow  together,  and 
only  appear  as  a  dash.  In  the  accompanying  specimen  records, 
the  dashes  have  a  length  equal  to  that  of  about  three  siren-rev- 
olutions or  thirty  vibrations. 

For  membranes,  I  have  used  thin  sheet  rubber,  paper,  gold- 
beaters  skin,  thick  vulcanized  rubber  (about  2°™),  and  leather. 
The  best  results  have  been  obtained  with  white  kid  such  as 
is  used  in  the  making  of  organ  bellows.  The  membrane 
with  which  the  best  records  have  been  obtained  is  of  this  mate- 
rial, is  28"°'  in  diameter,  and  carries  a  platinum  disk  about  4°^ 
square  and  U'l""'  thick.  The  connectfng  wire  (No.  28),  is  car- 
ried across  the  membrane  to  the  edge,  where  it  is  securely  fas- 
tened to  the  support.  If  left  loose,  it  produces  by  its  acciden- 
tal vibrations,  a  constant  chattering  of  the  recording  relay.  To 
steady  the  membrane  a  little,  I  have  sometimes  found  it  ad- 
vantageous to  give  it  a  slight  tension  and  outward  convexity 
by  means  of  a  thread  wound  round  a  small  wrest-pin. 

The  exactness  of  the  coincidence  between  seconds  and  siren 
revolutions  indicated  by  the  missing  siren  dots  in  the  record, 
depends  on  the  following  considerations. 

If  we  denote  the  duration  of  an  excursion  of  the  armature 
of  the  rehiy  W  by  </,  and  the  duration  of  the  siren  contact  at 
S  by  Z>,  we  shall  have  if  a>6,  a—b=  the  excess  of  the  dura- 
tion of  the  break  in  the  siren-circuit  at  A  over  the  duration 
of  the  siren  contact  ut  S.  If  the  whole  siren  contact  is  coinci- 
dent with  any  portion  of  the  break  a,  the  siren-record  will  be 
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letl ;  this  elision  will  happen,  therefore,  if  the  b^inning  of 
break  precedes  or  follows  the  beginning  of  the  contact  by 
amount  a— 6;  and  the  fact  of  the  elision  of  a  record  will 
icate  that  the  second  and  siren  records  coincide  to  within 
•i—b).  The  possible  error  therefore  in  the  counting  uf  the 
nber  of  siren  revolutions  in  the  interval  between  two  coiD- 
ences  amounts  to  1{a—b),  and  is  0  when  a=i.  If,  however, 
chemical  record  does  not  begin  till  a  time  ('  after  the  con- 
t  is  closed  and  continues  for  a  time  l"  after  it  is  broken,  then 
kingi=i'--(",  what  may  be  called  the  "effective"  or  "chem- 
! "  contact  will  have  the  duration  6±(,  and  the  error  may 
ount  to  2(a— 6zt0-  The  quantity  (  maybe  due  to  either 
delay  in  the  starting  or  the  stopping  of  the  chemical  action 
;r  the  circuit  has  been  made  or  broken,  or  to  the  dragging 
the  color  under  the  point  of  the  pen  when  the  paper  is  too 
The  former  appears  from  experiments  to  be  inappreci- 
e,  the  latter  becomes  large  and  uncertain  if  the  paper  is  too 
:,  but  is  apparently  insignificant  when  care  is  taken  to  have 
paper  only  just  wet  enough  to  let  the  current  pass.  If 
b,  the  siren-record  will  never  oe  completely  elided,  but  it  may 
shortened  at  either  end  or  cut  into  two.  It  may  be  thus  so 
ch  shortened  as  to  appear  to  be  elided,  and  so  occasion  an 
larent  coincidence  wnen  there  is  none  in  reality.  This  Js 
refore  an  additional  reason  for  making  b  at  least  equal  to  a. 
■'or  the  purpose  of  easily  bringing  about  the  equality  of  a 
1  h  the  siren  contact  was  arranged  as  follows.  The  strip  of 
Lnl  embedded  in  the  ehonite  drum  L  on  the  axis  of  thesiren 
s  of  the  form  shown  at  phq,  and  the  platinum  spring  which 
ted  on  the  drum  was  movable  up  and  down  the  drum  by  a 
screw.  After  adjusting  the  magnet  and  the  spring  of  the 
ly  W,  so  as  to  give  the  shortest'  possible  excursion  of  the 
lature  A,  the  duration  of  the  siren  contact  was  made  equal 
that  of  the  excursion  by  moving  the  spring  to  the  proper 
^ition.  In  effecting  this  equalization,  the  duration  of  the 
!n-cotuact  was  measured  by  drawing  the 
>er  very  rapidly  under  the  pen,  while  the  I 
;n  was  rotating,  and  measunng  the  length  I 
the  dashes  and  the  distance  between  the  I 
idle  points  of  two  consecutive  dashes.  The  I 
io  of  the  first  to  the  second,  gives  the  dura-  I 
n  of  the  contact  in  terms  of  the  duration  of  I 
revolution,  which  latter  is  known.  The  I 
ration  of  the  armature  excursion  is  found  ' 
stopping  the  siren,  setting  it  in  such  position  that  its  circuit 
closed,  drawing  a  paper  rapidly  under  the  pen,  and  measuring 
■  ratio  of  the  short  gaps  in  the  now  nearly  continuous  record, 
the  interval  between  the  centers  of  two  gaps,  which  latter  i? 
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one  second  In  this  way,  after  several  adjustments,  the  dura- 
tion of  the  armature-excursion  and  that  of  the  siren  were  made 
very  nearly  equal  and  each  equal  to  about  0*009  second. 

With  this  adjustment,  the  *'  frequency  "  of  the  fork  as  found 
by  counting  the  number  N  of  revolutions  of  the  siren  and  the 
number  n  of  beats  in  a  number  N'  of  seconds,  would  be,  if  the 
siren  was  higher  than  the  fork  and  if  the  number  of  holes  in 

the  siren  was  10,     — ^t/  -  ;  and  this  determination  would  be 

exact,  if  the  two  coincidences  were  exact  As  the  error  in  the 
coincidences  is  it  (a— /y  it^)  the  possible  error  in  the  frequency 

of  the  fork  would  be,  neglecting  <,  2(-t^I;  so  that  when  a  and 

h  were  nearly  equal  and  N',  as  was  frequently  the  case,  was  as 
great  as  ten  or  twelve  seconds,  the  method  would  seem  to 
promise  a  high  degree  of  precision. 

The  following  table  shows  the  results  obtained  with  one  of 
Koenig's  vowel-sound  forks  (marked  OU): 
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The  temperature  during   the  experiments  varied  from  68°  to 
73°  P.  and  the  rate  of  beating  from  li  to  6  beats  a  second. 

Nine  selected  experiments  on  October  20,  27  and  30,  being 
experiments  in  which  the  coincidences  were  the  most  perfect 
and  the  records  the  clearest,  gave  the  following  results: 
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['he  apecimen  records  illustrate  the  character  of  the  autograph. 
3  record  A  is  that  of  the  experiments  2  and  3  of  the  second 
es.  The  dots  in  the  middle  row  represent  the  siren  revolu- 
1,  the  heavy  dashes  on  one  side  of  tnem  the  beats,  and  the 
it  dots  on  the  other  side  the  seconds.  It  will  be  observed 
t  the  first  two  seconds  of  the  record  were  useless  for  want 
a  coincidence.  The  first  coincidence  occurs  at  the  mark  |,"a 
ond  one' similarly  marked  occurs  three  seconds  later,  a  third 
!  seconds  after  the  first,  and   a    fourth  at  the  end  of   ten 


onds.  Experiment  No.  ^  of  the  table  gives  the  results 
orded  in  the  interval  between  the  third  and  eighth  seconds, 

I  experiment  No.  3  is  the  result  of  the  whole  ten  seconds, 
e  "marginal  remark"  on  the  original  record  is  "coincidences 
t  quite  perfect,  but  errors  similar  and  equal." 

The  record  B  is  a  rejected  observation  of  October  20.     It 

II  be  seen  that  the  first  second's  dot  does  not  quite  coincide 
th  the  siren  record,  though  tlie  nearest  siren  dash  is  partiv 
iced.     IE  this  were  taken  as  a  coincidence,  the  result  woulH 

-         -  =341 '5  showing  how  much   the  accuracy  of  the 
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mctliod   de]K;ii(la  upon   tlie  exactness  of  the  coincidence. 
might  be  estimated  that  the  first  fraction  of  a  revolution  in  tl 

record  is  0'8  in  which  case  the  result  would  be  -=34 

but  it  is  preferred  to  reject  the  result,  particularly  as  the  tim 
four  seconds,  is  short. 


'riic  records  A  ami  B  liaving  heen  rendered  somewhiU  itniJ.- 
tincl  ill  the  ]ih(>t()gr;i])hic  reduction,  the  record  C  is  added,  aii' 
is    rqircjiliiced   wiUioiil  reduction   or  reversal.      It  shown  ili 


HagV'e  and  Tddmgs — Rocks  of  ilie,  Great  Ba^in.      453 

ejtact  coincidences  at  the  first,  fourth,  sixth,  seventh  and  ninth 
seconds,  and  the  imperfect  coincidences  at  the  second,  third 
and  fifth.     The  rate  of  the  fork  as  determined  from  it  is 

2750—22-8 
=  340-97 

8 

The  above  results  are  submitted  as  the  first  obtained  by  the 
proposed  method.  I  believe  that,  with  certain  improvements 
in  some  of  the  mechanical  details,  a  considerably  higher  degree 
of  accuracy  may  be  attained,  and  the  method  be  made  as  exact 
as  the  optical  methods,  with  the  additional  advantage  of  per- 
manence. 


Art.  LIII. — NoUs^  on  the  Volcanic  Roclcs  of  tJie  Oreat  Basin  ;  by 
Arnold  Hague  and  Joseph  P.  Iddings,  of  the  U.  S. 
Geological  Survey. 

Between  the  abrupt  eastern  wall  of  the  Sierra  Nevada  and 
the  western  base  of  the  Wahsatch  Range  lies  the  broad 
expanse  of  country,  over  400  miles  in  width,  known  as  the 
Grreat  Basin. 

It  oflFers  such  sharply  defined  topographical  and  geological 
characteristics  in  such  striking  contrasts  to  the  adjoining  areas 
that  it  forms  on  the  grandest  scale  one  of  the  most  marked 
physical  features  of  the  Cordillera.  As  the  region  in  general 
presents  such  gresft  uniformity  of  geological  structure,  and  has 
everywhere  been  subjected  to  much  the  same  physical  condi- 
tions it  has  been  called  by  both  King  and  Powell  the  geolo- 
gical province  of  the  Great  Basin. 

Across    the    broadest    portion   of    this   interior    basin   the 

Creological  Exploration  of  the  40th  parallel  examined  a  belt  of 

country  nearly  100  miles  wide,  and  the  geologists  attached  to 

the  expedition  brought  in  large  collections  of  volcanic  rocks 

and  gathered  many  data  as  to  their  mode  of  occurrence  and 

geological  relations,  the  results  of  which  will  be  found  in  the 

published  reports  and  maps  of  the  exploration.     In  volume 

vi  of  these  publications  Professor  Zirkel*  presented  the  results 

of  his  investigation  and  determination  of  the  crystalline  rocks 

based  upon  an  examination  under  the  microscope  of  many 

bundre<l  thin  sections. 

One  result  of  this  work  has  been  to  give  a  great  impetus  to 
the  study  of  microscopic  petrography  both  in  this  country  and 
in  England.  S'mce  the  publication  of  ZirkeFs  work  micro- 
scopic petrography  has  made  rapid  strides,  new  methods  have 
been  introduced   and   many  errors  pointed  t)ut.     Perhaps  the 

*  Microscopical  Petrography,  Washington,  1 870. 
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most  important  advance  made  lies  in  the  direction  of  more 
accurate  methods  for  determining  the  species  of  feldspars. 

Investigations  in  recent  years  have  shown  that  many  feld- 
spars formerly  regarded  as  sanidin  really  belong  to  one  or 
more  species  of  triclinic  forms.  This  is  noticeably  the  case 
with  the  rocks  of  Hungary  and  the  volcanic  islands  of  the 
Mediterranean,  like  Santorin.  In  consequence  many  lavaa 
formerly  determined  as  trachytes  are  now  more  properly  refer- 
red to  andesites.  Again,  since  ZirkeVs  work  a  large  number 
of  new  thin  sections  have  been  prepared  from  the  rocks  not 
heretofore  examined  in  the  collection  of  the  Forfieth  Parallel 
Exploration  and  considerable  new  material  has  been  gathered 
from  the  many  mining  districts  scattered  throughout  the  Great 
Basin.  The  Washoe  and  Eureka  districts,  the  two  most  impor- 
tant mining  regions  in  Nevada,  localities  rich  in  the  variety  of 
their  volcanic  extrusions,  have  been  studied  with  care  and  the 
results  greatly  increase  our  knowledge  of  the  volcanic  phe- 
nomena of  the  region. 

For  these  reasons  the  writers  of  the  present  article  have  for 
some  time  been  engaged  in  reviewing  the  Tertiary  and  Post- 
Tertiary  igneous  rocks  of  the  Great  Basin  and  hope  before 
many  months  to  submit  their  report  for  publication  to  the 
Director  of  the  United  States  Geological  Survey. 

Zirkel  classified  the  volcanic  rocks  of  the  region  under  the 
following  heads :  propylite,  andesite,  augite-andesite,  dacite, 
trachyte,  rhyolite  and  basalt,  a  classification  adopted  by  the 
geologists  of  the  Fortieth  Parallel  Exploration,  they  only 
differing  from  him  in  certain  specific  determinations. 

PropyUte. — Recently  Mr.  George  F.  Becker*  in  his  work  on 
the  Washoe  District  made  a  thorough  investigation  of  the 
so-called  pro{)ylite  and  as  a  result  denied  the  independence  of 
tiie  rock-species.  His  method  of  work  and  conclusions  are 
given  so  fully  that  it  is  unnecessary  to  enter  upon  the  subject 
here,  except  to  say  that  we  quite  agree  with  him,  so  far  as  the 
non-existence  of  propylite  as  a  distinct  rock-species  in  the  Great 
Basin  is  concerned. 

Trachyte.— \{.  will  be  readily  admitted  that  in  a  classification 
of  volcanic  rocks  based  primarily  upon  the  prevailing  feldspar 
present  it  is  a  most  serions  error  if  the  feldspars  are  wrongly 
determined.  This  is  just  the  error  that  Zirkel  was  constantly 
committing  in  the  work  above  quoted,  and  throughout  his 
report  he  describes  the  feldspars  in  certain  rocks  as  sanidin, 
when  careful  observations  show  in  the  light  of  the  present  day 
that  they  belong  to  one.  or  more  species  of  triclinic  forms. 

We  find  after  long  and  searching  investigation  of  tlie  rocks 
from  the  Great  Basin,  so  far  at  least  as  they  have  come  under 

*  Geology  of  ilic  ('omstock  Lod«,  Washington,  1882. 
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our  observation,  that  there  are  none  which  can  be  classed  as 
trachytes, — using  the  term,  of  course,  in  the  strict  sense  in 
which  it  is  now  employed  by  most  petrographers  and  probably 
by  all  who  make  use  of  the  microscope  in  the  determination  of 
crystalline  rocks.  A  trachyte  is  that  variety  of  volcanic  rock 
in  which  the  predominating  feldspar  is  orthoclase,  but  which  is 
so  low  in  silica  as  to  be  free  from  secretions  of  quartz  if  fully 
crystallized.  This  definition  agrees  with  that  of  both  Zirkel* 
and  Rosenbusch,f  "a  Tertiary  or  Post-Tertiary  quartzless  ortho- 
clase  rock." 

Now  none  of  the  rocks  described  as  trachytes  by  Zirkel 
from  the  Great  Basin  contain  any  appreciable  sanidin.  They 
are  all  plagioclase  rocks.  Of  the  feldspars  in  the  thin  sec- 
tions studied  by  Zirkel,  nearly  all  show  more  or  less  striation. 
There  occur  many,  however,  in  which  the  lamellaj  do  not  tra- 
verse the  entire  crystal,  reaching  only  a  quarter  or  one  half 
the  way,  and  others  in  which  only  a  single  narrow  stripe  can 
be  detected.  It  was  formerly  considered  that  any  feldspar 
which  did  not  show  lines  of  striation  was  orthoclase,  and  so 
strongly  had  this  idea  intrenched  itself  in  the  mind,  that  those 
feldspars  whose  thin  sections  showed  twinned  lamellae  only  at 
one  end  were  thought  possibly  to  be  orthoclase  containing 
lamellae  of  a  triclinic  feldspar,  as  suggested  by  Zirkel.:!: 

The  application  of  optical  tests  to  the  feldspars  of  these  so- 
called  trachytes  and  questionable  rocks  of  the  Great  Basin 
leaves  no  doubt  as  to  their  true  nature.  Simple  Carlsbad  twins 
when  cut  so  as  to  give  symmetrical  extinction  angles  or  good 
cleavage,  prove  to  be  quite  basic  plagioclase ;  indeed  a  scarcity 
or  even  a  total  absence  of  polysynthetic  lamellae  is  rather 
characteristic  of  the  smaller  sized  porphyritic  feldspars,  the 
striations  of  the  larger  ones  being  usually  so  well  developed  as 
to  be  noticed  in  the  hand  specimen  upon  careful  search  with  a 
pocket  lens. 

Chemistry  fully  confirms  these  optical  determinations.  This 
is  well  shown  in  the  analytical  worK  of  the  late  Dr.  George  W. 
Hawes  upon  the  "trachyte"  of  Mt.  Rose,  Washoe,  Nevada,  the 
results  of  which  are  published  in  detail  in  Mr.  Becker's  §  recent 
report. 

Similiar  results  have  been  obtained  bv  us  from  the  "tni- 
chyte"  of  the  Wahsatch  Range,  from  cliaracteristic  rock  of 
Eureka,  Nevada,  and  from  the  volcanoes  of  the  Pacific  Coast  | 

In  these  cases  the  feldspars  were  isolated  by  the  Thoulet 

*  P.  Zirkel,  Mikroskopischo  Besohaffenheit,  1873,  p.  200.     F.  Zirkel,  Explora- 
tkm  of  the  Fortieth  Parallel,  vol.  vi,  1876.  p.  6.' 
f  H.  Rosenbusch,  Mikroskopische  Physiographic,  1877,  vol.  ii,  p.  179. 
Bfikxtwkopische  Besohaffenheit,  p.  134. 
Qeologj  of  the  Oomstock  Lode,  p.  67. 

Notes  on  the  Volcanoes  of  (..alifornia,  Oregon  and  Washington  Territory,  tliia 
Jour.,  Sept.,  1883. 
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solution  of  the  double  iodide  of  mercury  and  potassium  and 
were  found  upon  analysis  to  be  andesine  or  oligoclase.  Again, 
in  examining  the  feldspars  in  these  so-called  trachytes  applica- 
tion was  made  of  Dr.  Szab<Vs  method  of  determining  feldspar 
in  rocks  by  means  of  the  color  imparted  to  the  flame  of  a 
Bunsen  burner  with  most  satisfactory  results,  the  feldspars 
giving  the  reactions  for  andesine  and  oligoclase,  and  confirming 
the  optical  and  chemical  determinations. 

The  normal  trachytes  of  Zirkel  mainly  resolve  themselves 
into  hornblende  -  mica  -  andesitcs ;  the  augite  -  trachytes  into 
hypersthene-augite-andesite,  and  most  of  those  that  remain 
should  be  classed  as  dacites,  while  a  few  fine-grained  earthy 
rocks  more  properly  belong  to  rhyolites. 

Among  the  localities  in  the  Great  Basin  which  are  frequently 
mentioned  as  affording  fine  exposures  of  trachyte  is  the  Snake 
River  Cafion,  but  the  specimens  which  we  have  examined  from 
near  Shoshone  Falls  are  clearly  plagioclase  rocks,  although 
they  [losscss  many  of  the  superficial  aspects  which  formerly 
were  regarded  as  characteristic  of  trachytes,  or  orthoclase  rocks. 
In  all  probability  the  great  sheets  of  acidic  lava  that  underlie 
the  basalts  of  the  Snake  Plains  are  andesitic. 

Investigation  having  demonstrated  the  non-existence  of  pro- 
pylite  and  trachyte  in  the  Great  Basin  we  classify  all  tbe 
volcanic  rocks  of  the  region  under  the  following  types,  arrang- 
ing them  for  the  purposes  of  the  present  paper  according  to 
their  basicity  rather  than  according  to  their  geological  relations: 
basalt,  pvroxene-andesite,  hornblende  andesite,  hornblende- 
inica-andesite,  dacite  and  rhyolite.  Within  the  limits  of  the 
present  article  it  is  only  designed  to  point  out  some  of  the  more 
important  niineralogical  and  structural  features,  leaving  all 
(juestions  of  their  mode  of  occurrence,  order  of  succession  and 
cheiiiical  relations  till  the  final  report. 

Basalt. — These  rocks  may  be  divided  into  two  general  types: 
(a)  the  porphyritic,  consisting  of  a  glassy  and  microlitic  or 
ijiicrocrvstalliiie  groundinass,  bearing  relatively  large  crystals 
ol*  olivine,  feldspar,  and  occasionally  augite,  a  structure  show- 
ing close  relations  to  that  of  many  andcsites ;  (h)  the  granular 
(granular  in  the  sense  used  by  Rosen b use h,*)  an  aggregate  of 
quite  uniform  grains  composed  of  well-developed  plagioclase 
and  olivine  crystals  with  ill-defined  patches  of  augite  and  mag- 
netite, and  frequently  with  considerable  glass  base. 

The  |)orphyritic  variety  is  the  type  most  frequently  observed 
in  the  collection  of  the  Fortieth  Parallel  Exploration  and  is 
probably  by  far  the  most  abundant  in  the  Great  Basin.  It  is 
well  described  by  Zirkel  in  his  rej)ort  It  is  not,  however, 
always  holocrystalline,  often  carrying  considerable  glass  base. 

*  N0U03  Jnhrbiioh  f'lr  Minornloi!^i(.\  etc..  1S82.  Band  2. 
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this  variety  of  basalt  there  is  great  variation  not  only  in  the 
lation  of  groundmass  to  porphyritic  crystals  but  also  in  the 
se  of  individual  crystals.  No  sanidins  could  be  detected.  In 
nne  basalts  the  larger  secretions  are  confined  to  olivine,  in 
hers  to  small  feldspars,  with  olivine  in  minute  grains,  while 
gite  only  occurs  occasionally  among  the  larger  crystals,  and 
ily  in  exceptional  cases  are  all  three  minerals  found  associated 
gather  as  porphyritic  secretions. 

Other  varieties  show  less  and  less  olivine,  and  with  the 
adual  increase  of  silica  and  the  coming  in  of  more  and  more 
rpersthene,  rocks  occur  intermediate  between  normal  olivine 
Lsalts  and  those  with  the  typical  andesitic  composition  and 
ructure.  The  granular  variety  of  basalt  occurs  far  less  fre- 
lently  than  the  porphyritic,  but  is  well  shown  in  the  structure 
the  rock  which  forms  the  top  of  the  lava  plain  at  Shoshone 
ills,  and  there  is  reason  to  believe  is  well  developed  on  the 
eat  table-land  of  the  Snake  Plains. 

Pyroxeneandesite, — For  the  purposes  of  the  present  paper  this 
ovisional  designation  may  be  used  to  include  both  hypers- 
ene-andesite  and  hypersthene-augite-andesite,  two  varieties  of 
desitic  rocks  not  always  easily  distinguished.  Whether 
ere  are  any  extrusions  in  the  Great  Basin  which  should  be 
issed  as  augite-andesite  is  a  matter  of  some  doubt,  and  presents 
q[ne8tion  which  can  only  be  answered  by  the  investigation  of 
nilar  rocks  in  various  quartera  of  the  globe,  and  by  litholo- 
sts  coming  to  some  conclusion  as  to  where  the  line  should  be 
awn.  It  is  quite  certain  that  characteristic  augite-andesites 
ive  not  been  observed  in  this  region.  There  are  no  augite 
agioclase  rocks  free  from  olivine  found  here  which  are  not 
laracierized  by  either  hypersthene  or  hornblende.  Under 
le  head  of  augite-andesite,  Zirkel  has  described  a  number  of 
pical  hypersthene-andesites.  They  are  porphyritic  rocks 
wing  a  groundmass  for  the  most  part  glassy  with  the  "felt- 
ke"  structure  formed  of  innumerable  feldspar  and  pryoxene 
icrolites  and  magnetite  grains,  through  which  are  scattered 
licroscopical  crystals  of  plagioclase,  hypersthene  and  augite. 
ecasionally  the  rock  occui's  holocrystalline. 
Until  recently  hypersthene  has  only  in  very  exceptional 
ises  been  recognized  as  an  ingredient  in  andesitic  rocks,  and 
)t  till  Mr.  Whitman  Cross*  published  his  description  of  the 
Kjk  from  Buffalo  Peaks,  Colorado,  was  the  variety  hypersthene- 
idesite  generally  admitted  by  lithologists.f  Since  his  pub- 
cation  the  present  writers:]:  have  shown  not  only  the  wide- 
>read  occurrence  of  this  rock  for  several  hundred  miles  along 

♦Bulletin  of  the  U.  S.  Geological  Survey,  No.  1,  1883. 

t  Niedzwiodzki  described  a  hypersthene-andesite  from  St.  Egidi  in  South- 
eierninrk  in  1872.  Tschermak's  Mineralogische  Mittheiliingen,  1872,  iv,  p.  253. 
}  This  Journal,  Sept.,  1883. 
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the  line  of  Pacific  Coast  volcanoes,  but  thai  all  the  pyroxene- 
andesites  examined  by  them  from  along  this  belt  may  be 
referred  to  hypersthene  andesite. 

Over  the  wide  area  of  the  Great  Basin  hypersthene  is  found 
in  nearly  all  varieties  of  volcanic  rocks.  Its  microscopic  char- 
acters are  very  constant  and  quite  similar  to  those  given  for 
this  mineral  in  the  andesites  of  the  volcanoes  of  California, 
Oregon  and  Washington  Territory.  It  is  of  a  light  browD 
color  in  thin  sections  and  with  few  exceptions  strongly  pleo 
chroic,  being  green  parallel  to  the  c  axis  and  yellowish- 
brown  at  right  angles  to  it.  The  strong  pleochroism,  generally 
gray  or  yellow  color  between  crossed  nicols  and  the  constant 
parallelism  of  its  extinction  with  the  direction  of  the  c  axis  dis- 
tinguish it  from  the  accompanying  augite.  The  hypersthene 
varies  somewhat  in  the  strength  of  its  pleochroism,  which,  as 
shown  by  analysis,  probably  corresponds  to  a  variation  in  its 
chemical  composition.  Its  determination  rests  upon  a  micro- 
scopic study  of  the  thin  sections,  together  with  optical  invesii- 
gations  upon  isolated  crystals  showing  their  orthorhombic 
character  by  always  extinguishing  light  parallel  to  the  vertical 
axis  and  presenting  interference  figures  with  their  bisectrices 
normal  to  the  pinacoidal  planes.  Chemical  analysis  upon 
carefully  selectea  material  abundantly  confirms  optical  tests. 

Attempts   to   separate   hypersthene    from    hornblende  kni 
augite  in  a  fine-gramed  rock  by  means  of  a  solution  of  cad- 
mi  um-boro-tungstate   proved   only  partially  successful.     The 
mixed  grains  were  easily  divided  into  two  parts,  one  containing 
all  the  hornblende  and  a  little  pyroxene,  and  the  other  noade 
up  of  a   mixture   of  hypersthene   and    augite.     By    repeated 
treatment   with  a  solution  of  specific  gravity  3*39,  the  latter 
residue  was  divided   into    two    parts,    one   consisting  almost 
wholly  of  hypersthene  with  a  small  amount  of  augite,  and  the 
other  largely  composed  of  augite  but  still  carrying  a  trace  of 
hypersthene.     A  careful  examination  under  the  microscope  of 
the  purest  hypersthene  product  indicated  that  considerably  less 
than  one-tenth  belonged  to  augite.     An  analysis  by  Mr.  &  L 
Penfield,  of  the  Sheffield  Scientific  School,  is  given  in  column  L 
Assuming  now  that  the  relation  existing  between  the  hypers- 
thene and    augite  is  in   the    proportion  of  nine   to  one  and 
calculating  a  possible  composition  for  the  two  minerals,  it  is 
evident  that  the  orthorhombic  mineral  carries  more  lime  and 
alumina  and  less  magnesia  and  iron  than  the  hypersthene  found 
in  the  pumice  of  Mount  Shasta.*    In  columns  II  and  III  an 
given  a  calculated  theoretical  composition  of  the  hypersthaw 
and  augite  based  upon  Mr.  Penfield* s  analysis  of  the  mixture 
of  the  two  minerals. 

*  This  Journal,  Sept.,  1883. 
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herever  the  two  minerals  occur  together,  the  hypersthene 
3n  to  be  of  earlier  crystallization  than  the  augite,  and,  at 
ame  time  it  undergoes  decomposition  much  more  readily, 
is  raspect  resembling  olivine.     When  decomposition  sets 

fibration  starts  from  the  surface  and  cracks  in  the  crys- 
and  advances  parallel  to  the  vertical  axis.  Fibrous  horn- 
le  of  light  green  color,  or  colorless  in  thin  sections  with 
angle  of  extinction,  is  the  ordinary  alteration  product, 
Einge  which  is  similar  to  the  formation  of  uralite  from 
«,  the  minerals  resulting  from  the  two  processes  being 
tinguishable  from  one  another  under  the  microscope, 
jrsthene  occurs  in  all  the  volcanic  rocks  of  the  Grreat  Basin 
3t  typical  olivine  basalts  and  the  most  acidic  rhyolites.  It 
3  an  essential  ingredient  in  many  of  the  hornblende-ande- 

occurs  sparingly  in  dacite  and  has  been  detected  in  some 
ties  of  rnyolite,  presenting  almost  as   wide  a   range  as 
:e. 
^persthene  occurs  as  an  essential  ingredient  in  the  rocks 

Washoe  described  as  augite-andesite  by  Mr.  George  F. 
:er  in  his  recent  work  on  the  Comstock  Lode, 
deed  it  may  be  said  that  there  is  no  pyroxene-andesite  in 
ollection  from  this  district  in  which  hypersthene  does  not 
I  and  in  most  cases  surpass  the  augite  in  amount.     It  pre- 

all  stages  of  alteration  from  the  fresh  to  the  thorough  I  v 
mposed  mineral.  In  many  thin  sections  the  augite  is 
ictly  fresh,  accompanied  by  hypersthene  wholly  altered, 
this  mingling  of  both  hypersthene  and  augite  in  the  rock 
h  explains  the  otherwise  strange  occurrence  of  both  fresh 
wholly  decomposed  pyroxene  in  the  same  thin  section 
ioned  by  Mr.  Becker,  who  in  his  examination  of  the 
;e-andesite  failed  to  recognize  the  hypersthene.  He  fre- 
itly  makes  use  of  such  expressions  as  **  A  portion  of  the 
;es  are  fresh,  the  remainder  converted  into  chlorite,"* 
'*  Some  of  the  augites  are  almost  unattacked  and  show  thor- 

♦  Geology  of  the  Comstock  Lode,  p.  128. 
JoDK.  Sci. —Third  Series,  Vol.  XXVIl,  No.  \ea.— 3\i^^  \^»A. 
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oughly  characteristic  cleavages,  extinctions,  etc.  Others  are 
partially  converted  to  chlorite,  and  yet  others  are  wholl? 
replaced  by  the  uniaxial  dichroitic  green  mineral."  In  the 
light  of  the  present  investigation  it  is  now  perfectly  evident 
that  the  decomposed  mineral  is  mainly  referable  to  hypersthene. 
The  relutionsnip  already  pointed  out  by  us  as  existing  between 
olivine  and  hypersthene  in  the  rocks  of  the  Pacific  Coast 
volcanoes*  holds  equally  good  for  the  Great  Basin,  the  olivine 
increasing  and  replacing  the  hypersthene  as  the  rock  becomes 
more  and  more  basic. 

Homblende-andesite. — This  rock  forms  a  well  characterized 
type  of  the  volcanic  rocks  of  the  Great  Basin,  standing  as  an 
intermediate  variety  between  the  acidic  and  basic  lavas,  in 
general  being  more  acidic  than  the  pyroxene-andesites.  Many 
of  the  rocks  classed  by  Zirkel  as  simply  andesites  we  would 
regard  as  pyroxeneandesite  carrying  a  small  amount  of  horn- 
blende scattered  through  a  groundmass  of  pyroxene  and 
plagioclase,  the  hornblendes  being  too  few  in  number  to 
characterize  the  rock.  Hypersthene  and  augite  occur  as  the 
accessory  minerals  in  the  more  basic  varieties  of  bomblende- 
andesite,  showing  transitions  into  pyroxene*andesite,  while,  on 
the  other  hand,  mica  gradually  comes  in  as  the  rock  becomes 
more  and  more  acidic. 

Hornblende-mica-ajidesiie, —  Under  this. head  may  be  classed 
a  larcre  number  of  andesitic  extrusions  scattered  throughout 
the  Great  Basin  from  the  Sierras  to  the  Wahsatch  in  which 
mica  occurs  as  a  characteristic  and  essential  ingredient 
Indeed  a  large  proportion  of  the  rocks  formerly  regarded  as 
trachytes  properly  fall  under  this  division.  In  these  rocks  the 
feldspars  have  a  decidedly  vitreous  appearance,  while  the 
texture  of  groundmass  possesses  a  rough  porous  character 
presenting  what  is  known  as  the  *'trachytic  habit,"  but,  as 
already  shown,  the  entire  absence  of  orthoclase  among  the 
porphyritic  crystals  prevents  their  being  considered  in  any 
other  light  than  as  andesites.  While,  as  already  stated,  sanidin 
is  regarded  by  most  lithologists  as  the  prevailing  feld8|Mr 
found  in  trachytes,  it  should  be  remembered  that  von  Richt- 
hofen  recognized  an  "  oligoclase-trachyte''  in  which  sanidin 
was  not  even  an  essential  ingredient;  this  rock  agreeing  with 
the  hornblende-mica-andesites  of  the  Great  Basin.f 

Dacite. — Following  the  development  of  the  mica,  quartz 
secretions  begin  to  appear  as  the  rock  passes  more  and  more 
into  acidic  varieties,  and  with  the  appearance  of  quartz,  bom- 
blende  and  pyroxene  rapidly  diminish.  This  gives  a  well- 
defined  rock  composed  mainly  of  plagioclase,  quartz  and  mica, 

♦  This  Journal,  Sept.,  1883. 

f  Natural  System  of  Volcanic  Rocks,  San  Francisco,  1867,  p.  36, 
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vith  a  varying  amount  of  sanidin  as  an  accessory  ingredient 
n  the  extent  of  its  extrusions  dacite  is  of  less  innportance  than 
either  andesite  or  rhyolite,  yet  its  occurrences  are  far  more 
widespread  than  has  been  supposed,  as  many  rocks  heretofore 
•egaraed  as  acidic  trachyte  and  rhyolite  have  upon  investiga- 
tion proved  to  be  characterized  by  plagioclase  instead  of 
3rthoc]ase.  This  is  especially  the  case  with  many  rocks  of  the 
Fortieth  Parallel  Exploration  formerly  classed  as  hyaline, 
paraiiceous  and  glassy  forms  of  rhyolite,  but  whose  feldspars  as 
shown  by  the  microscope  are  unquestionably  triclinii*. 

Rhyolite. — Notwithstanding  the  absence  of  trachyte,  ortho- 
slase  rocks  are  by  far  the  most  abundant  of  all  the  acidic  rocks 
jf  the  Great  Basin.  Rhyolite  extrusions  occupy  very  large 
ureas  forming  broad  plateaus,  high  mountain  peaks  and 
innumerable  minor  outbreaks.'  In  most  localities  between 
the  Sierras  and  the  Wahsatch,  wherever  volcanic  activity  has 
[riayed  an  important  part,  rhyolite  in  one  form  or  another  has 
reached  the  surface.  Although  plagioclase  crystals  are  well 
developed  in  varying  proportions  in  a  large  number  of  rhyo- 
lites,  orthoclase  is  in  all  cases  the  prevailing  and  characteristic 
feldspar.  The  rhyolites  have  been  so  well  discussed  and 
napped  in  the  reports  of  the  Fortieth  Parallel  Exploration 
ina  their  microscopical  characters  described  in  such  great  detail 
3y  Zirkel  that  very  little  need  be  said  within  the  limits  of 
ihis  paper  except  to  give  their  subdivision  and  to  point  out 
lome  of  their  relations  to  other  rocks. 

All  the  rhyolites  of  the  Great  Basin  may  be  classified  under 
>ne  or  the  other  of  the  following  heads  : 

Nevadite, 
Liparite, 

Lithoidal  Rhyolite, 
Hyaline  Rhyolite. 

This  sub-division  agrees  with  that  proposed  by  von  Richt- 
hofen  with  the  exception  that  he  included  both  the  lithoidal 
and  hyaline  varieties  under  one  head.  As  many  of  the 
lithoidal  rocks  present  a  characteristic  physical  habit,  as  well 
as  a  thoroughly  crystalline  groundmass,  it  seems  proper  to 
separate  them  from  the  distinctly  glassy  forms,  although  varie- 
ties frequently  occur  which  pass  by  insensible  gradations  from 
one  to  the  other. 

Nevadiie. — This  rock  is  characterized  by  an  abundance  of 
porphyritic  crystals  imbedded  in  a  relatively  small  amount 
of  groundmass.  It  bears  a  strong  superficial  resemblance  to 
granite,  produced,  as  von  Richthoien  says,  "•  by  the  similarity 
of  color,  which  is  of  light  shades  of  gray  and  red,  and  by  some 
affinity  in  mineral  composition."  This  resemblance,  however, 
does  not  hold  in  a  strict  lithological  sense,  as  the  nevadites 
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possess  a  porphyritic  and  not  a  granitic  structure,  the  rock  vary- 
ing from  a  holocrystalline  groundmass  to  one  rich  in  glass  and 
from  a  dense  to  a  porous  texture.  Von  Richthofen  s  use  of 
the  expression  ^^  nevadite  or  granitic  rhyolite,"  has,  it  seems 
to  us,  misled  lithologists  to  infer  that  he  referred  to  the  inter- 
nal structural  habit  of  nevadite,  and  that  he  regarded  its  s'tmct- 
ure  as  similar  to  granite.  Professor  Zirkel  slightly  modifies 
von  Richthofen 's  definition  of  nevadite*  and  in  his  chapter 
on  rhyolites  says,  "  The  scope  of  this  section  will  be  confined 
to  a  description  of  the  proper  felsitic  or  porphyritic  rhyolites, 
for  the  almost  granitic  rhyolites  (nevadites)  are  wanting  in  the 
examined  territories.''f  From  that  time  the  signification  of  the 
term  nevadite  has  gradually  changed  until  it  has  come  to 
designate  a  Tertiary  volcanic  rock  having  the  "rein  komig"  or 
granular  structure  of  granite.^  Now  such  a  rock  has  never,  as 
yet,  been  recognized  in  Nevada  and  its  existence  anywhere  is 
at  least  highly  problematical.  Moreover  it  is  evident  that  voo 
Richthofen  comprehended  the  glassy  nature  of  the  rocks  called 
by  him  "  nevadite '^  as  he  says,  speaking  of  the  larger  crystals, 
that,  "  they  are  enclosed  in  a  paste  which  is  probably  a  partially 
microcrystalline,  and  partially  amorphic  aggregation  of  the 
same  ingredients." 

Liparitc. — This  rock  in  distinction  from  nevadite  is  char- 
acterized by  a  small  number  of  porphyritic  crystals  imbedded 
in  a  relatively  large  amount  of  groundmass  but  like  nevadite 
may  occur  in  a  nolocrystalline  condition  as  well  as  in  a 
glassy  one.  Both  nevadite  and  liparite  possess  the  porphyritic 
structure,  but  both  varieties  are  so  characteristic  of  Nevada, 
with  such  distinct  lithological  features  and  rarely  if  ever  occur 
together  that  it  seems  desirable  to  retain  at  least  for  the  Great 
Basin  the  classification  as  first  suggested  by  von  Richthofen.§ 

Between  rhyolite  and  dacite,  as  might  be  supposed,  there 
exist  many  rocks  upon  which  opinions  might  justly  differ  as  to 
which  class  they  should  properly  be  referred.  Such  instances 
are,  however,  no  more  frequent  than  the  transitions  between 
basalt  and  hypersthene-andesite,  between  hornblende-  and 
pyroxene-andesite,  or  any  two  closely  allied  species.  Indeed, 
where  the  conditions  for  the  developement  of  sanidin  seem 
favorable  it  usually  comes  in  strong  force;  the  change  from 
plagioclase  to  orthoclase  being  in   many  cases  quite  marked. 

♦  Microscopical  Potropraphy,  p.  8.  f  Ibid,  p.  8. 

\  II.  Kosenbusoli,  Neucs  Jalirbuch  fiir  Mineralogie,  1882,  vol.  ii. 

^  It  8eemeil  neoe.ssary  to  enter  somewhat  fully  into  an  explanation  as  to  lh« 
position  ot  nevadite,  partly  because  its  exact  relations  to  other  volcanic  lavas  hai. 
in  our  opinion,  been  misunderstood,  and  partly  because  in  the  paper  on  the  "Vol- 
canoes of  (!;iHrornin,  Oregon,  and  Washington  Territory  "  we  pointed  out  that  the 
rock  from  Lassens  Peak  mentioned  by  von  Richthofen  as  a  typical  nevadite,  wm 
not  an  orthoclase  rock,  consequently  not  to  be  classed  with  the  nevadites  of  the 
Great  Basin  which  form  such  characteristic  extrusions  iji  the  state  of  Nevada. 
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Again  the  distinction  between  dacite  and  rhyolite  is  somewhat 
sharply  drawn  by  a  large  development  of  biotite  in  the  dacites, 
whereas  as  soon  as  the  sanidin  makes  its  appearance  as  the 
predominant  feldspar  mica  loses  its  prominence,  and  in  most 
rhyolites  of  the  Basin,  although  there  exist  a  few  marked 
exceptions,  mica  plays  a  very  subordinate  part. 

It  might  seem  natural  to  suppose  that  where  the  basic  rocks 
are  largely  characterized  by  anorthite  and  labradorite,  the  inter- 
mediate rocks  by  andesine  and  oligoclase,  and  the  acidic  varieties 
by  orthoclase,  that  the  trachytes  would  be  represented  by  at 
least  some  minor  extrusions.  Investigation,  however,  shows 
that  the  typical  trachyte  known  to  occur  in  other  parts  of  the 
world  has  never  been  brought  in  from  this  region.  Over  this 
wide  area  with  its  great  variety  of  volcanic  rocks  sanidin  only 
makes  its  appearance  after  quartz  has  come  in  as  an  essential 
constituent  among  the  porphyritic  crystals.  It  may  be  laid 
down  as  a  general  law  for  the  Great  Basin  that  there  is  among 
the  volcanic  lavas  no  quartzless  variety  of  orthoclase  rocks. 

In  geological  reports  descriptive  of  volcanic  areas  we  fre- 
quently meet  with  the  statement  that  the  rocks  are  made  up  of 
**  andesites  and  trachytes  "  or  "  trachytes  and  rhyolites."  '  It 
seems  to  us  that  in  future  such  expressions  should  be  more 
carefully  considered,  it  having  been  shown  that  at  least  in  the 
Great  Basin  such  an  association  of  lavas  is  unknown. 

Our  work  leads  us  to  believe  that  trachytes  occupy  a  far 
more  restricted  position  among  volcanic  rocks  than  has  hereto- 
fore generally  been  supposed.  The  independence  of  rhyolite 
and  trachyte  from  a  geological  point  of  view  seems  quite 
clear,  for  m  regions  of  widespread  volcanic  activity  it  is  far 
more  frequently  associated  with  andesitic  than  with  trachytic 
jeraptions. 


jArt.  LIV. — Transition  from  the  Copper-hearing  Series  to  the 

Potsdam;  by  L.  C.  Wooster. 

During  the  summer  of  1888,  some  facts  throwing  light  upon 
the  relationship  existing  between  these  formations  along  the 
St.  Croix  River,  Wisconsin,  fell  under  my  observation,  and, 
though  not  new  in  kind,*  they  may  be  of  interest  to  those  who 
are  endeavoring  to  find  in  the  East  a  correlative  of  the  Wis- 
consin Potsdam. 

In  northwestern  Wisconsin  the  Potsdam  sandstone  has  a  total 
thickness,  from  the  Laurentian  granite  below  to  the  Lower  Mag- 
nesian  limestone  above,  of  about  one  thousand  feet.  There  are 
two    horizons   in    which    fossiliferous    remains   are  especially 

♦  See  vols,  i,  and  iii,  Wisconsin  Geological  B.e^i\A. 
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abundant,  viz :  (1)  the  middle  of  the  formation,  and  (2)  the 
middle  of  the  upper  third. 

At  Osceola  Mills,  about  four  miles  from  the  southernmost 
outcrop  of  the  Copper-bearing  or  Keweenawan  Series,  the 
second  of  these  two  horizons  is  found  at  an  elevation  of  about 
100  feet  above  the  level  of  St.  Croix  River,  and  presents  a  some- 
what peculiar  though  characteristic  fauna.  Some  of  these 
layers  are  exceedingly  porous  and  friable,  and  yet  they  contain 
casts  of  Holopea  Sweeii  and  a  Bellerophon  in  great  abundance. 
Were  it  not  for  the  Potsdam  trilobites  and  brachiopods  in  these 
same  layers,  one  might  well  imagine  that  he  was  gazing  upqn  a 
IVenton  sandstone.  But,  a  few  feet  below  these  layers  all  evi- 
dence of  life  ceases  and  one  looks  in  vain  for  a  fossil  down  to 
the  water^s  edge.  While  closely  examining  these  lower  layers 
at  Osceola,  I  was  greatly  interested  in  the  discovery  of  several 
pebbles  in  the  sandstone  evidently  derived  from  the  Kewee- 
nawan series  at  the  northward.  The  sandstone  here  became 
variable  in  color  and  hardness,  being  on  the  whole  darker  and 
in  certain  places  exceedingly  compact,  or  as  Capt  Knapp 
expressed  it,  baked.  But  no  fusion  or  evidence  of  heat  from 
steam-holes  was  present. 

The  government  force  engaged  in  building  dams  on  the  St. 
Croix  under  the  supervision  of  Capt.  Knapp  had,  the  previous 
winter,  dug  into  a  most  curious  deposit  on  the  Minnesota  side  of 
the  river,  about  four  miles  north  of  Osceola  and  near  the  out- 
lying outcrops  of  Copper-bearing  rock.  Under  theguidanceof 
Capt.  Kna])p,  the  locality  was  visUed  late  one  afternoon,  and 
the  '^most  curious  deposit"  was  found  to  consist  of  "trap" 
conglomerate.  The  conglomerate  composed  a  ridge  which 
stretched  to  the  westward  from  the  river  bank  to  the  bordering 
ledge  of  sandstone  one-fourth  of  a  mile  back.  The  river  end  of 
the  ridge  is  about  fifty  feet  in  height  and  one  hundred  feet  in 
breadth  at  its  base.  The  component  bowlders,  bowlderets  and 
pebbles  of  the  conglomerate  varied  in  size  from  those  at  the 
base  of  the  exposure  thirty  inches  in  diameter  to  the  tinely  ! 
comminuted  material  at  the  top  where  the  rock  might  with  pro-  i 
priety  be  called  sandstone.  All  the  bowlders  were  highly  al- 
tered, so  that  Capt.  Knapp  could  see  little  resemblance  between 
them  and  the  hard,  resistant  and  apparently  unchanging  '*  trap' 
bowlders  and  ledges  with  which  he  was  familiar.  But  after 
much  search  a  bowlder  was  found  near  the  base  of  the  exposure 
with  an  unchafigcd  center  of  ^' trap,'^  The  matrix  of  this  con- 
glomerate consisted  of  the  same  material  as  the  imbedded  bowl- 
ders. Here  and  there  in  all  parts  of  the  exposure  this  matrix 
contained  fragments  of  linguloid  shells,  apparently  Lingulepis 
irinniforrais.  Manv  cavities  in  the  matrix  and  in  the  bowlders 
were  lined  w\l\\  c^m^^tX.?.  (it'j^t^.k.    Not  the  slightest  evidence  of 
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heat  was  discovered,  all  the  alterations  being  evidently  the  work 
of  infiltrating  waters  continued  through  countless  ages. 

Conclusions:  1.  The  material  of  this  conglomerate,  all  being 
more  or  less  rounded,  and  the  shells,  being  without  exception 
fragmental,  must  have  been  subjected  to  violent  wave  action 
along  cliffs  of  Copper- bearing  rock  at  this  exposed  point  of  the 
ancient  (not  to  say  Archaean)  island.  2.  There  was  some 
evidence  to  show  that  this  fifty  feet  in  depth  of  conglomerate 
not  only  graduates  into  sandstone  above,  but  also  oa  each  side. 
Hence  the  ridge  may  mark  the  mouth  of  a  primordial  mountain 
torrent.  3.  The  age  of  the  deposit  seen  must  be  late  Potsdam, 
since  it  graduates  into  sandstone  of  that  age. 

4.  This  conglomerate  is  not  exceptional,  since  the  Potsdam  is 
con^lomeritic  along  its  shore  margin  in  Wisconsin,  and  on  the 
St.  Lawrence  Eiver  in  New  York  (as  seen  by  the  writer).  This 
conglomerate  is  well  shown  in  the  vicinity  of  Lauren tian  granite 
at  Chippewa  Falls  and  Eau  Claire,  Wisconsin,  and  near  Oak 
Point  eighteen  miles  above  Ogdensburg,  New  York.  Hence  the 
Keweenawan  or  Copper-bearing  rocks  were  subjected  to  the 
same  erosive  and  denuding  agency,  whatever  that  may  have 
been,  which  broke  oflF  and  transported  to  the  sea-shore  portions 
of  Laurentian  and  Huronian  ledges.  In  Wisconsin,  only  the 
lower  layers  of  the  Potsdam  may,  at  the  present  time,  be  seen  in 
contact  with  the  Laurentian  and  Huronian  rocks,  except  around 
the  islands  of  quartzite  and  quartz-porphyry  in  southeastern 
Wisconsin.  Here  the  conglomerate  is  uniformly  present  and 
presents  phenomena  analogous  to  that  just  described  on  the  St. 
Croix  above  Osceola.  5.  The  Keweenawan  series  is  older 
than,  unconformable  with,  and  has  supplied  much  of  the 
material  for,  the  Potsdam  sandstone. 

These  conglomerates  bordering  the  Laurentian,  Huronian 
and  Keweenawan  areas  must  have  supplied  a  large  part  of  the 
bowlders  of  the  drift  deposits  of  the  Northern  States. 


Art.  LV. —  On  the  Expression  of  Electrical  Resistance  in  Terms 
of  a  Velocity ;  by  Francis  E.  Nipher.* 

If  a  spherical  shell  of  radius  r  be  charged  with  Q  units  of 
electricity,  the  density  of  electrification  being  />,  the  force  dF 
over  any  element  cfe  of  its  surface  will  be  2Tcp*ds,  This  force 
is  directed  radially  outward,  and  is  due  to  the  action  of  the 
electrification  Q  on  the  quantity  pds  upon  the  element. 

If  the  radius  r  be  diminished  to  r',  the  energy  of  the  elec- 
trification will  increase  if   Q   remains  constant,    this  increase 

*  From  Trans.  Acad.  Science  of  vSt.  Jjoiiis.     Read  March  nth,  1884. 
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in  energy  being  due  to  work  done  on  the  sphere  by  some 
external  source,  causing  the  sphere  to  collapse.  If  the  element 
ds  sweeps  through  a  distance  c2r,  the  stored  energy  will  be 

dE=dFdr  (1) 

in  which  both  rfFand  dr  are  essentially  negative. 

Substituting  in  (1)  the  above  value  of  rfi^and  remembering 

that  p  as  ^-, 

47rr' 

and  ds  =  r^dooy 

where  da}  is  the  solid  angle  subtended  by  the  element  d$^  we 

have  dE  =  ^  — =-  dco. 

Sn  r*        ' 


or 


"■■-^-IfS^^ 


where  one  integration  is  carried  over  the  surface  of  the  sphere, 
and  the  other  is  carried  inward  between  the  limits  r  and  t\ 
Performing  the  integrations,  we  have 

^'--=  f  (-^  -  ^)       « 

1   ^ 
But  o"  ~7-  is  the  energy  of  a  sphere  of  radius  r',  charged  with 

Q  units  of  electricity,  and  hence  the  potential  of  the  sphere  on 
itself  between  the  limits  r  and  r'  is  equal  to  the  difference  in  its 
initial  and  final  energy. 

If  the  sphere  were  connected  with  the  ground  by  a  wire  of 
resistance  \R\  the  radius  (r)  might  be  changed  in  such  a  man- 
ner as  to  preserve  the  potential  (F)  constant  In  this  case  a 
current  of  constant  intensity  would  flow  through  the  wire,  and 

as  F=  -^  it  is  clear  that  r  must  change  at  a  uniform  rate,  or 


T 

r—r' 


=  t'-t  (3) 


V 

where  t'—t  is  the  duration  of  the  operation.     Further, 

V=  —  = =  47rro 

r  r  '^ 


and 


4;rr' 


hence  ^/ A'=  dFdr  =i27T  tf  ds  dr=  —  dr  da\ 

'  8;r 
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E-E'  =^^/fdrdco=^(r-r')  (4) 

This  is  the  stored  energy  daring  the  operation.  But  the  en- 
^y  of  the  electrification  at  first  was  ti^V^^  and  at  the  end  is 
•'  F',  so  that  there  has  nevertheless  been  a  diminution  of  energy 

E^E'^^ir^r')  (5) 

It  appears  that,  under  conditions  of  our  experiment,  the 
>herc  has  less  energy  at  the  close  of  the  experiment  than  at 

le  beginning  by  a  quantity --^(r—r'),  while  the  equal  energy 

{presented  by  the  potential  of  the  electrification  on  itself  was 
Idcd.     The  total  energy  lost  by  the  shell  was,  therefore, 

EziL  V^ir-r")  (6) 

he  current  in  the  wire  was,  by  Ohm's  law, 

dt      jB' 
•ncc  «-C'=J(«'-0. 

id  bence  the  energy  of  the  current  during  the  operation  was 

V 

E=-!^{f-t), 

■  by  (3),  E=^  -—  (7) 

The  expressions  (6)  and  (7)  must  be  equal  to  each  other,  and 

3nce  Mv  =1,     or     7C  = — , 

here  v  is  the  constant  velocity  of  each  point  in  the  surface 
'  the  shell  during  the  operation.  This  problem  is  well  known, 
id  a  solution  of  it  is  given  in  Mascart  and  Joubert's  treatise, 
he  above  solution  is  new  to  the  writer,  and  embraces  some 
^tures  of  interest 
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AiiT.  LVI. — Lateral  Astronomical  Refraction;   by 

J.    M.     SCHAKBKRLE. 

In  astronomical  investigations  where  an  extreme  limit  of 
precision  is  sought,  systematic  errors  are  frequently  recognized, 
which,  for  want  of  any  other  apparent  cause,  are  usually  at- 
tributed either  to  irregular  variations  in  the  constants  used  (as 
for  instance,  a  change  in  the  clock  rate,  a  variable  coefficient  of 
flexure),  or  to  a  change  in  the  personal  equation  of  the  observer. 
The  object  of  this  paper  is  to  point  out  one  more  source  of 
error  by  whicii  astronomical  observations  are  always  more  or 
less  affected,  and  to  show  how,  in  a  simple  manner,  the  error 
can,  in  general,  be  eliminated. 

In  the  theory  of  astronomical  refraction  as  given  by  Laplace, 
Bessel  and  others,  each  investigator  assumes  that  the  refraction 
always  takes  place  in  a  vertical  plane,  and  all  refraction  tables 
in  use  at  the  present  time  are  constructed  on  this  hypothesis, 
which  therefore  assumes  that  all  layera.  of  atmosphere  of  the 
same  density,  over  any  given  locality,  are  parallel  to  the  horizon. 
That  such  an  assumption  is  frequently  the  cause  of  errors,  by  no 
means  insensible,  which  can,  at  most  observatories,  be  removed 
by  computation,  will  now  be  shown. 

Let  us  suppose  that  two  observers  at  points  A  and  B,  on  the 
same  level  and  separated  by  the  short  distance  D,  observe  at  the 
same  instant,  equal  temperatures,  the  barometric  pressures  how- 
ever being  p,  and  p,.  Now  in  order  that  the  pressures  over  ihe 
two  stations  shall  be  the  same,  the  observer  at  B  must  ascend 
through  the  distance  dh  corresponding  to  a  decrease  in  the  pres- 
sure/;, equal  to/;,— /),.  A  line  drawn  from  A  to  the  elevated 
station  will  then  be  the  line  of  equal  pressure,  and  the  inclina- 

tion  of  this  line  to  the  horizon  will  equal  tan~^—  which,  since 

JA 
tliis  angle  will  always  be  small,  can  be  placed  equal  to  ^  . 

As  the  differences  between  the  refractions  computed  for 
inclined  and  for  horizontal  strata  will  always  be  very  small,  an 
error  in  the  assumed  law  of  refraction  will  have  little  or  no 
effect  on  these  differences ;  terms  of  the  second  order  becoming 
sensible  only  at  great  zenith  distances.     The  familiar  expression 

r=ff  tan  2 

giving  nearly  the  observed  mean  refractions,  and  nearly  corre- 
sponding to  the  refractions  that  would  be  produced  by  a  homo- 
^oneoas  atmosphere  o'12  miles  high,  having  an  index  of  refrac- 
tion /?i  =  1*00028,  can  for  the  present  purpose  be  assumed  to 
represent  the  observed  mean  refractions. 
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Let  —  be  the  inclination  of  the  plane  of  equal  density  to  the 

horizon,  and  let  ip  be  the  angle  which  a  vertical  plane,  perpen- 
dicular to  the  line  of  intersection  of  the  inclined  and  horizontal 
planes,  makes  with  the  meridian,  reckoned  from  the  south 
point  toward  the  west  through  360° ;  the  angle  ip  always  being 
in  that  quadrant  in  which  the  pressure  is  greatest. 

Now  a  ray  of  light  from  a  star  lying  in  the  plane  whose  azimuth 
is  ^,  and  making  with  the  normal  to  the  horizontal  plane  the 

2i»glc  C»  will  make  the  angle  C+IT  with  a  normal  to  the  in- 
clined plane.  For  a  homogeneous  atmosphere  the  refractions  for 
the  first  and  second  cases  would  then  be  given  by  the  equations 

sill  z=.- — -     and    sin  z  = 

sin  C 


or 


.      /      ^^\ 
r=a  tan  z  r  =a  tan  I  z — y-  \  very  nearly. 

The  error  in  the  computed  refraction  due  to  the  inclination  of 
the  strata  will  therefore  be 

Jr=a(  tan  z  — tan  iz — =r  11 
which,  if  we  neglect  terms  of  the  second  order,  can  be  written 

Z7r=a  -^  sec^z. 

The  refraction  Jr  will  moreover  be  wholly  in  zenith  distance, 
and  all  rays,  lying  in  the  vertical  plane  whose  azimuth  is  W^ 
will  be  refracted  in  a  vertical  plane.  If  W"  denotes  the  angle 
which  any  other  vertical  plane  makes  with  the  meridian,  all 
rays  of  light  in  this  plane  will,  after  refraction,  lie  in  a  plane 
which  is  inclined  to  the  horizon  by  the  angle 

The  vertical   and   lateral  components  of  refraction  due  to  the 
inclination  will  then  be  respectively 

n^^eQ^zco^{W'-W")     and     a^ cos  z  sin  (¥^-¥^"). 

The  second  expression  giving,  for  the  zenith  distance  z,  the 
angular  distance  of  a  star  from  the  vertical  circle  in  which  it 
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actually  lies,  while  the  first  expression  gives  the  displacement 
in  zenith  distance. 

As   the  corrections  resulting   from  the  introduction  of  the 

term  -=r-  would  only  be  applied  to  observations  made  with  the 

best  instruments,  we  need  but  deduce  the  formulae,  and  tables 
for  the  corrections  to  meridian  observations.  In  other  words 
the  corrections  to  the  observed  times  of  meridian  transit,  and 
to  the  reduced  zenith  distances.  Let  4a  and  Az  denote  these 
corrections,  then  we  evidently  have,  since  ^^^=0 

a    Ah 
Aa=--  -=-  cos  2  sin  W  sec  6 

15     U 

A        Ah       ^  .„ 

^z=a-Yr  sec*  z  cos  W. 

Thus  far  we  have  assumed  the  temperature  to  be  constant; 
as  however  this  is  not  the  case,  the  above  values  will  be  largely 
in  error  unless  similar  terms  allowing  for  the  change  in  tem- 
perature are  included  in  the  expressions  for  Aa  and  Az, 

According  to  Bessel  the  coefficient  of  expansion  of  atmos- 

Kherio  air  is  c= 0*002  (nearly)  for  each  degree  Fahrenheit 
Tow,  if  at  two  stations,  on  the  same  level  (separated  by  the 
distance  D),  p^  and  p,  are  the  simultaneous  pressures  when  the 
corresponding  temperatures  are  r,  and  r„  the  refraction  at  the 
second  station  expressed  in  terms  of  the  refraction  at  the  first 
station  will  be  given  by  the  equation* 


^2 


=r(  '  ^\ 


For,  the  values  of  r,  and  r„  for  temperatures  and  pressures 
different  from  the  assumed  normal  values,  will  be  in  error  by 
practically  the  same  amount,  and  as  we  have  only  to  deal  with 
the  differences  in  the  refractions  at  the  two  stations,  the  results 
obtained  will  not,  in  general,  be  sensibly  in  error.  The  last 
equation,  if  we  neglect  small  quantities,  can  be  put  into  the 
follow  in jy  form  : 


r,_r,=<//6(r,~r2)+^---^^jtan2. 


p„  being  the  assumed  normal  height  of  the  barometric  column, 
which  in  Bessel's  refrection  tables  is  taken  at  29*6  inch,  while 
his  value  of  a  is  bl'''lb  for  2=0,  varying  (at  first  slowly)  to 
55'^'75  for  2= 80°.  B}^  equating  the  barometric  and  thermome- 
trie  terms  we  find  7>,—p,  =  — 0*059  inch  (r,— r,).  An  increase 
of  10°  in  the  tempeniture  therefore  produces  nearly  the  same 
change  in  the  refraction,  as  does  a  decrease  of  0'59  inch  in  the 
pressure. 

*  See  ChauveneVa^pVvw\ca\^xi^Vi;itWt^  K'si«^\issvs\'^>^^«^v^A^vv. 
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Now  the  term  r^—r^  being  due  to  the  difference  in  the  density 
of  the  atmosphere  at  the  two  stations,  the  layers  of  the  same 
density  will  not  be  parallel  to  the  horizon.  The  equivalent 
inclination  of  the  layers  of  equal  pressure,  for  a  uniform  tern- 

perature,   will  depend  upon  the  term '^-^ — ^=JA,  while   the 

inclination  of  the  layers  of  equal  density,  for  a  uniform  pres- 
sure, will  depend  upon  the  term  e(rj— r,)=  JA'.  These  layers 
will  not  necessarily  be  inclined  in  the  same  direction. 

The  iri-daily  weather  maps  of  the  U.  S.  Signal  Service,  will 
generally  furnish  all  the  necessary  data  for  finding  the  amount 
and  direction  of  inclination  for  points  in  the  United  States. 

Let  D  denote  the  length  of  the  shortest  line  that  can  be 
drawn,  on  the  map  (through  the  point  of  observation)  connect- 
ing two  isobars,  one  being  on  each  side  of  the  station,  and  let 
W  denote  the  angle  which  this  line  makes  with  the  meridian, 
reckoned  from  the  south  point  toward  the  west  through  360°. 
Let  the  similar  data  for  two  isotherms  be  D'  and  W'\  the  angles 
being  in  the  quadrants  of  greater  pressure  and  temperature 
respectively.  The  component  inclinations  in  the  prime  vertical 
and  meridian  planes  will  then  be  respectively. 

Ah   .    ,«.     Ah!    .    ,^,  Ah       ^     Ah'        ^„, 

-=^  %\nWy    -=^8my^,     and     -^  cos!F,     -=^  cos!P'. 

Hence  the  complete  expressions  for  Aa  and  Az  will  become 

j«=  3l  (^  siny^  +  ^  sin  (180°+  V')\  cos  z  sec  d 

Az=ia(^  cos  "f^-h—  cos  (180°  +  W')\  sec*  z. 

If  D  and  D'  are  expressed  in  miles,  Jh  and  JA'  must  also  be 
expressed  in  the  same  unit.  As  the  adjacent  lines  on  the 
maps  differ  by  010  inch  for  the  isobars,  and  by  10°  F.  for  the 
isotherms,  we  have* 

^r      0-10  ^^,      0-59 

Ah=  -— .  5-12  Ah'=  — -  5-12. 

29-6  29-6 

Now  let  b  denote  the  inclination  of  the  axis  of  rotation  of  a 
meridian  instrument,  then  if  for  b  we  substitute 

6  +  «(^8in  ¥^  +  ^  sin  (180°+  W')\ 

and  use  this  value  in  the  reduction  of  the  observations,  tlie 
corrections  to  the  times  of  transit,  for  meridian  refraction  in 
right  ascension,  will  be  wholly  allowed  for. 

*  If  still  greater  accuracy  Ih  det<ired,  the  mean  of  Ihe  two  given   pressures 
should  be  used  in  place  of  29 't>. 
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In  order  to  show  the  facility  with  which  these  corrections 
are  applied,  as  well  as  to  give  a  general  idea  of  the  magnitude 
of  the  corrections,  the  following  tables  are  given : 


I. 


D' 

Ml' 

^h 

D 

miles. 

""  D- 

«D- 

miles. 

10 

0"59 

0"10 

10 

20 

•30 

005 

20 

30 

•20 

•03 

30 

40 

•15 
•12 

•03 
•02 

40 

50 

50 

GO 

•10 

•02 

60 

70 

•08 

•01 

70 

80 

•07 

•01 

80 

90 

•07 

•01 

90 

100 

006 

•01 

100 

II. 


t 

sin. 

O'^ 

000 

90 

10 

•17 

80 

20 

•34 

70 

30 

•50 

60 

^0 

•64, 

50 

50 

•77    1 

40 

60 

•87   , 

30 

70 

•94  j 

20 

80 

•98 

10 

90 

100 

0 

cos    . 

+ 

111. —  OarrticHans  to  the  reduced  zefiith  diataaces. 
t  =:  0        •    a  —  sec*  2. 
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z 

D' 

1 

0^ 

10" 

20'' 

30' 

40" 

50" 

60" 

70" 

80= 

10 

0"-59 

O'Ol 

0''^67 

0"79 

roo 

r42 

2'35 

4'99 

18'-87 

20 

•30 

•30 

•33 

39 

•50 

•71 

1  17 

250 

943 

30 

•20 

•20 

•22 

•26 

•33 

•47 

•78 

1-66 

6-29 

40 

•15 
•12 

•15 

•17 
•13 

•20 

•25 
•10 

•36 
•28 

•59 
•47 

1-25 

roo 

•83 

4-72 

50 

•12 

•13 

3-77 

60 

•10 

•10 

•11 

•17 

•24 

•39 

3^14 

70 

•08 

•09 

•10 

•11 

•14 

•20 

•34 

•71 

2-69 

80 

•07 

•08 

•08 

•10 

•13 

•18 

•29 

•62 

238 

90 

•07 

•07 

•07 

•09 

•11 

•16 

•26 

•56 

210 

100 

•06 

•06 

•07 

•08 
1-  -  ■ 

•10 

•14 

•23 

•50 

1-89 

i'^r  0 


30' 


1  0''13 

1       -07 

1        04 

•03 

•03 

•02 

•02 

•02 

•01 

•01 

^h    , 

a  —  sec*  2. 


40^ 


r»n'» 


50 


60' 


0"^17 

0"^24 

0'40 

•08 

•12 

•20 

•06 

.08 

•13 

•04 
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•05 

•08 

•03 

•04 

•07 

•02 

.     03 

•06 

•02 

•03 

06 

•02 

•03 

•04 

•02 

•02 

•04 
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21 


17 


14 
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1  07 

•SO 
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•53 


12 

•4G 

11 

•40 

09 

•37 

08 
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obtain  the  correction  to  be  applied  to  the  level  constant 

I  -=r  taken  from  table  I,  with  the  arguments  D'  and  D,  by 

iiies  of  the  angles  180° 4-  V'  and  W  respective! j,  and  take 
Igcbraic  sum  of  the  products.     Similarly  the  quantities  in 

III  are  to  be  multiplied   by   the  cosines  of   the  angles 
4-  V''  and  ¥  respectively.     For  stars  north  of  the  zenitli  Jz 

have  the  opposite  sign  from  that  given  by  the  equation, 
fi  inspection  of  the  weather  maps  of  the  Signal  Service,  as 
ished  by  the  War  Department,  will  show  that  the  distance 
een  two  adjacent  isobars  or  isotherms  is  frequently  less 

thirty  miles,  and  at  times  not  more  than  one-half  of  this 
nee.  As  the  times  of  observations  will  not  in  general 
spond  with  the  times  for  which  the  maps  are  constructed, 
iralues  of  D,  y  and  D',  iT',  can  when  necessarv,  be  interpo- 

for  the  middle  time  of  the  observations  and  assumed  to 
in  constant  for  the  series.     A  glance  at  the  map  will  at 

indicate  whether  the  corrections  will  be  sensible  or  not 
n  isolated  station,  if  the  hourly  thermometric  and  barometric 
ges  are  noted,  the  observer  can  still  deduce  the  corrections, 
ided  he  has  any  means  for  finding  the  veloctiy  and  direc- 
of  motion  of  the  thermometric  and  barometric  waves, 
le  most  reliable  data  would  of  course  be  obtained  from 
Itaneous  observations  made  (while  the  astronomical  work 
ing  on),  at  three  or  more  nearl3'  equidistant  stations  on  the 
J  level  and  lying  within  a  radius  of  fifty  miles.  One  of 
J  stations  would  be  at  the  observatory  itself, 
here  the  aim  of  an  observatory  is  to  determine  absolute 
ions,  an  arrangement  of  this  kind,  if  not  indispensable,  is 
ast  most  desirable. 

Q  Arbor,  Mich.^  March  18,  1884. 

)ST8CRiPT. — The  formulae  for  finding  the  magnitude  and  direc- 
of  inclination  of  the  strata  from  observations  made  at  three 
ons,  can  be  reduced  to  very  simple  forms.  Let  h^  denote  the 
ht  of  a  layer  of  given  density  at  the  point  of  observation,  and 
^  and  Ag  be  the  heights  of  the  layer  at  the  stations  whose 
uths  are  A^  and  A^,  the  distances  being  Dj  and  D^.     Let 

^^^^~i      and     ^g"^o-i 


-hQ  =  Jh,  etc.  being  found  according  to  the  method  already 

n).     If  -=r  =  ^  denotes  the  inclination  of  the  strata  to  the- 

con,  we  have,  with  all  desirable  accuracy,  the  equations 
i  cos  (Aj-  ¥^)=i\  /  cos  (Aj-  ¥^)=t,. 


1 
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A   +  A 
As  A^   and  A,   are  constants,  let   us  put       *        ^  =  A^,  and 

A  —A 

~ — ^— ^  =  A'„;  the  above  equations  then  become 


2 


.•coB(A.-y^)=A±|. 


f«— «. 


from  which  i  and  W  are  easily  found.     The  most  favorable  values 

of  A,  and  A.,  give  A^—  Aj=i90®.     The  angle  W  should  (in 

order  to  use  the  formulae  already  given  for  Ja  and  ^z)  be  taken 

in  the  quadrant  of  greatest  temperature ;  then  in  order  that  i  may 

always  be  considered  positive  we  substitute,  as  before,  the  valae 

180"  4-  ^'  in  the  equations  for  Aa  and  Az,     The  argument  D  can 

Ah 
be  found  by  means  of  table  I  from  the  expression  ai=a  T=r. 

Ann  Arbor,  April  12,  1884. 


Art.  LVII. — Kaolinite^  from  Bed  MountaiUj  Colorado;  by 

Richard  C.  Hills. 

At  a  recent  meeting  of  the  Colorado" Scientific  Society,  Mr. 
Whitman  Cross  called  attention  to  an  interesting  variety  of 
kaolinite  found  by  the  writer  in  the  National  Belle  mine  at 
Red  Mountain,  Ouray  County,  Colorado. 

The  appearance  of  the  mineral  in  question  is  that  of  a  mass 
of  small  glistening  white  scales  visible  to  the  naked  eye.  Un- 
der the  microscope  these  scales  are  resolved  into  remarkably 
perfect  transparent  crystals,  all  of  which  differ  from  those  hith- 
erto described  under  the  head  of  kaolinite  in  the  development 
of  well-defined  pyramidal  planes,  to  the  exclusion,  in  most  in- 
stances, of  those  in  the  prismatic  zone.  The  general  form  is 
shown  in  the  annexed  diagram,  which  is  a  camera  lucida  draw- 
ing of  three  of  the  observed  crystals. 


The  mineral  occurs  in  considerable  quantities,  associated  with 
galena  and  its  oxidation  products,  in  the  huge  vuggs,  or  cham- 
bers lined  with  ore,  found  irregularly  distributed  through  an 
immense  mass  of  quartz,  the  latter  being  enclosed  in  a  highly 
kaolinized  rock  of  eruptive  origin. 
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r.  LVin.  —  The   injluence  of  Conveclion  on   Giaciation;   by 

Geo.  F.  Becker. 

'he  suggestion  made  by  Captain  Dutton,^  that  thQ  increase 
)recipitation  due  to  a  higher  sea-level  tempenitare  might 
seivably  be  confined  to  regions  below  the  isotherm  of  0°  C, 
ne  of  such  extreme  simplicity  that  I  can  scarcely  believe  it 
lave  escaped  the  physicists  and  geologists  who  have  writ 
on  giaciation.  Some  months  since  I  ventured  to  contribute 
w  pagesf  to  the  discussion,  which  were  not  written,  however, 
il  I  had  carefully  considered  the  possibility  which  my  col- 
jue  has  since  brought  forward.  I  arrived  at  the  conclusion 
:  though  conceivabfe,  it  was  inapplicable  to  terrestrial  con- 
ons;  but  before  giving  the  reasons  for  this  conclusion  I  beg 
^e  to  restate  the  problem  as  I  understand  it. 
'his  can  be  done  in  two  ways,  of  which  the  first  and  most 
al  is:  Given  a  definite  locality,  the  mean  temperature  of 
ch  is  now  compatible  with  the  existence  of  glaciers,  will  an 
ease  of  temperature  at  sea-level  tend  within  certain  limits  to 
ease  the  accumulation  of  ice  upon  it?  In  this  form  the 
stion  is  one  of  great  complexity,  lor  it  involves  a  knowledge 
11  the  climatic  changes  which  would  accompany  a  change 
ea-level  temperature.  A  portion  only  of  these  are  known 
1  any  sort  of  approximation,  and  the  gaps  must  be  filled 
1  assumptions  which  every  opponent  is  at  liberty  to  deny, 
'he  second  method  of  stating  the  problem  is  as  follows :  If 
periods  of  different  sea-level  temperature  and  correspond- 
y  different  permanent  snow-lines  are  compared,  which  will 
N  the  greater  accumulation  of  ice  above  its  own  snow-line 
er similar  topographical  conditions?  This  question,  which 
lat  to  which  I  attempted  to  give  an  answer  in  my  former 
er,  appears  comparatively  simple,  for  it  does  not  compel  anj^ 
nite  assumption  as  to  the  relation  between  elevation  and 
perature. 

ls  I  understand  Captain  Button,  he  would  reply  to  this 
er  question  that  the  accumulation  in  each  period  would  be 
same,  the  whole  excess  of  moisture  of  the  warmer  period 
ing  as  rain  below  the  snow-line.  His  statement  might  have 
Q  made  somewhat  more  broadly,  for  the  same  argument 
ws  that  upon  his  suppositions  the  precipitation  above  any 
hcrm  is  independent  of  the  temperature  at  sea-level.  If,  for 
mple,  the  characteristic  temperature  at  sea-level  in  the  cooler 
oa  were  10°  and  in  the  warmer  period  20°,  then  the  entire 
ess  of  moisture  evaporated  during  the  warmer  period  would 

♦This  Journal,  vol.  xxvii,  p.  1.  f  This  Journal  vol.  xxvii,  p.  1C7. 
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be  precipitated  below  the  isothermal  line  or  surface  characterized 
during  tne  same  period  by  a  temperature  of  10°.  His  supposi- 
tions are  two:  that  the  atmosphere  is  saturated  (unless  special 
exception  is  made,  which  is  not  the  case  in  his  concluding 
remarks),  and,  as  the  results  of  a  calculation  that  the  difiference 
in  the  velocity  of  the  wind  in  the  two  periods  is  insignificant. 
Granting  for  the  sake  of  argument  the  insignificance  of  the  dif- 
ference in  the  velocity  of  the  wind,*  it  is  certain  that,  if  the 
supposed  complete  saturation  of  the  atmosphere  would  produce 
no  essential  alteration  in  the  problem.  Captain  Button's  result 
is  immediate  and  inevitable ;  but  as  complete  saturation  repre- 
sents an  extreme  case,  it  seems  desirable  to  examine  its  bearing 
on  the  results. 

No  one  of  course  would  think  of  denying  that  the  mean 
saturation  of  the  whole  atmosphere  is  never  complete  nor  even 
the  mean  saturation  of  the  portion  of  it  which  is  in  immediate 
contact  with  the  sea.  All  know,  on  the  contrary,  that  descend- 
ing currents  of  relatively  dry  air  constantly  mingle  with  the 
moist  air  at  the  sea-level,  more  or  less  reducing  its  vapor  con- 
tents. A  similar  process  goes  on  at  every  level,  and  all  must, 
I  think,  admit  not  onlv  that  complete  saturation  of  any  entire 
stratum  of  the  atmosphere  has  never  been  observed,  but  that 
such  a  phenomenon  cannot  have  taken  place  at  least  daring 
later  geological  epochs.  At  every  level  above  the  surface  of 
the  earth  the  rise  of  air  bodies,  and  sometimes  other  causes, 
tend  to  chill  the  air  below  its  dew-point,  while  at  the  same  time 
the  continual  admixture  of  drier  air  from  higher  regions  tends 
to  dilute  tljc  vapor  and  lo  keep  it  in  the  gaseous  form.  Precip- 
itation therefore  must  be,  as  it  certainly  is,  a  local  phenom- 
enon induced  by  circumstances  which  favor  the  chilling  of  the 
air  while  (absolutely  or  relatively)  retarding  the  intermixture 
of  dry  air  with  the  moist.  Were  it  not  for  the  constant  return 
to  the  surface  of  desiccated  currents,  evaporation  must  evidently 
altogether  cease.  On  the  other  hand  so  long  as  precipitation 
takes  place,  air  must  be  more  or  less  completely  desiccated  and 
the  process  of  distillation  must  continue. 

More  or  less  completely  saturated  air  from  the  surface  min- 
gled with  dry  air  from  above  forms  a  mixture,  the  dew  point 
of  which  is  considerably  below  the  temperature  of  sea-level, 
and  such  a  mixture  may  of  course  rise  to  the  isothermal  surface 
corresponding  to  its  own  dew  point  without  precipitation.  The 
process  of  admixture  however  is  in  general  continuous,  taking 
place  at  all  levels,  and  it  cannot  be  asserted  of  any  particular 
molecule  of  vapor  that  it  may  not  reach  the  confines  of  the 
atmosphere  un precipitated. 

*  Tt  appears  to  me  iniprolml)le  tlint  the  additional  enerjjy  which  a  wanner  Hi- 
mate  would  impart  to  llie  air  currents  wouJd  be  distributed  simply  among  existing 
currents. 
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If  a  comparison  is  made  between  a  warmer  and  cooler  period, 
the  conditions  otherwise  being  equal,  it  will  not  be  denied  by 
any  one  that  the  lower  strata  of  the  warmer  atmosphere  contain 
a  greater  absolute  amount  of  moisture  than  the  lower  strata  of 
the  cooler  atmosphere,  but  on  Captain  Button's  suppositions 
this  excess  is  confined  entirely  to  the  lower  strata.  Suppose 
this  condition  of  things  to  exist  at  a  given  instant.  Then  if 
the  descending  dry  currents  come  into  play  and  the  tendency 
of  the  warm,  moist  surface  air  to  rise  is  taken  into  consideration, 
it  appears  that  a  portion  of  this  excess  will  be  carried  upward 
by  convection  and  be  added  to  the  moisture  of  higher  strata  as 
explained  in  the  preceding  paragraphs.  And  though  a  part  of 
this  additional  moisture  might  and  probably  would  be  precipi- 
tated at  various  levels,  I  cannot  avoid  the  conclusion  that,  by 
the  continuous  admixture  of  dry  air,  a  part  of  the  excess  would 
be  carried  on  indefinitely,  or,  in  other  words,  that  the  absolute 
hamidity  at  every  isothermal  surface,  or  the  relative  humidity 
of  the  whole  atmosphere,  would  be  greater  during  the  warmer 
period  than  during  the  colder  one.  There  would  indeed  be  a 
very  slight,  as  it  seems  to  me  insignificant,  counteracting  tend- 
ency. The  humidity  of  the  lower  strata  of  the  air  could  not 
be  increased  by  descending  currents,  because  a  rise  of  tempera- 
ture and  an  increased  capacity  for  moisture  would  attend  their 
compression  in  sinking,*  but  rain  drops  from  upper  levels  fall 
through  warmer  air  than  that  in  which  they  form,  and  there 
must  be  a  minute  evaporation  during  their  passage.  It  seems, 
however,  hardly  possible  to  maintain  that  this  addition  to  the 
moisture  of  the  atmosphere  near  the  surface  is  comparable  with 
the  contrary  tendency  which  has  been  enlarged  upon. 

It  appears  quite  certain  therefore,  that  the  absolute  humidity 
at  what  I  have  called  the  glacial  isotherm  (where  the  tendency 
to  the  accumulation  of  n6v6  is  a  maximum,  not  far  from  0°  C.) 
or,  what  is  exactly  the  same  thing,  the  mean  relative  humidity 
of  the  air  over  the  glacial  zone,  during  a  warmer  period,  will  be 
greater  than  over  the  corresponding  but  not  identical  glacial 
zone  during  a  cooler  one.  Precipitation  at  the  glacial  isotherm 
may  most  naturally  be  supposed  to  be  simply  proportional  to 
the  mean  relative  humidity.  It  is  indeed  conceivable  that 
though  the  mean  saturation  during  the  warmer  period  at 
this  isotherm  would  be  greater,  complete  saturation  might  be 
more  seldom  attained  ;  but  I  know  of  nothing  tending  to  prove 
such  a  relation.  On  the  other  hand,  as  I  showed  in  my  former 
paper,  the  empirical  inference  from  observations  on  the  dimin- 
ution of  temperature  with  altitude  along  mountain  slopes  is, 
that  the  higher  the  sea-level  temperature  the  more  rapid  wouhi 
be  the  decrease  of  temperature  at  the  glacial  isotherm,  a  relation 

*  It  is  of  course  supposed  here  that  the  sea-level  temperature  remains  constant. 
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which  would  tend  to  increase  precipitation  at  this  line  inde- 
pendently of  the  relative  humidity;  so  that  if  the  relation 
between  relative  humidity  and  precipitation  is  not  simple  and 
direct,  it  is  probable  that  precipitation  at  the  glacial  isotherm 
increases  more  rapidly  rather  than  less  rapidly  than  the  relative 
humidity. 

I  must  conclude  therefore,  as  I  did  before,  that  ''  the  rate  of 
decrease  of  temperature  and  the  mean  saturation  will  probably 
be  greater  in  the  warmer  period  .  .  .  near  the  glacial  isotherm," 
and  indeed  on  the  same  grounds,  for  I  prepared  a  passage  for 
my  former  paper  presenting  in  a  more  condensed  form  precisely 
the  arguments  here  offered,  but  omitted  it  as  being  manifest 
without  special  mention. 

The  argument  here  presented  does  not  include  all  the  impor- 
tant factors  involved  in  the  relations  of  temperature  to  glcocia- 
tion,  some  of  the  others  being  sketched  in  my  previous  paper. 
That  here  oflfered,  however,  may  serve  to  show  the  essentia! 
part  which  convection  plays  in  the  distribution  of  precipitation. 

San  Frandsoo,  Office  U.  S.  Geological  Survey,  Feb.,  1884. 


Art.  LTX. — A  New  DinicOiys  from  the  Portage  Group  of  WesUru 
New  York;  by  Eugene  N.  S.  Eingueberg. 

Taking  advantage  of  one  of  the  pleasant  days  of  January 
to  make  a  short  trip,  down  among  the  black  carbonaceous 
shales  of  the  Portage  Group,  to  a  fine  exposure  extending 
along  the  lake  shore  at  Sturgeon  Point,  a  projection  of  land 
about  twenty  miles  below  Buffalo,  principally  for  the  purpose 
of  obtaining  some  of  the  Calamites  found  there,  I  was  so  for- 
tunate as  to  obtain,  besides  a  quantity  of  undetermined  lish 
scales,  the  fossil  here  described. 

Immense  placoderms  of  the  genus  Dinicihys  hav^e  l)een 
known  for  quite  a  number  of  years  past  from  the  Huron  shales 
of  Ohio;  but  none  till  now  have  been  recognized  from  its 
equivalent  in  this  State. 

The  specimen  found  consists  of  a  dorsal  shield  belonging  to 
a  Dinictliys  which  exhibits  such  distinctive  specific  variations 
from  the  two  Ohio  species,  D.  Herizeri  and  D,  Terrdli  Newb.. 
both  in  size  (which  is  only  one-fifth  of  that  of  the  largest  of 
this  species),  and  in  form,  as  to  require  a  specific  description. 

Dinicihys  minor  (n.  sp.) 

Dorso- median  shield.  Surface  having  a  fine  grained  rugose 
appearance.  Plate  gently  arched  anteriorly  and  gradually 
sloped  toward  the  flattened  posterior  margin  which  is  but 
slightly  arched. 
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NnlctAyj  minor     Dum  mediaa  sliield,  dorsal  surface  one  half  uatuml  size. 


ram  of  anterior  inrerior  surface,  natural  «ize,  sbowiu);  all  that  ie  exposed  to 
cw  of  the  iDferior  [iiedian  crest  or  xpiDe,  the  apecinioQ  being  embeddsd  in  a 
ih  of  shale. 


478     E,  N.  S.  Ringueberg — Dinicthya from  New  York, 

.Anterior  margin  describing  an  almost  perfect  semicircle  of 
five  and  one-half  inches  in  diameter,  which  comprises  the 
anterior  five  ninths  of  the  plate,  and  represents  its  widest 
extension ;  a  slight  sinus  half  way  from  the  crest  on  either 
side.  The  highest  point  of  the  shield  is  on  a  ridge  situated  a 
little  back  from  the  anterior  median  margin  and  extends  at 
right  angles  across  the  upper  part,  from  which  elevation  the 
surface  is  beveled  off  toward  the  outer  margin. 

Posterior  portion  rather  squarish,  strongly  sinuate  ;  the  two 
lateral  sinuses  sharply  cut  out  nearest  the  forward  part,  where 
they  end  with  a  well  defined  angle  at  their  junction  with  the 
anterior  semicircular  portion ;  posteriorly,  curving  around  the 
sub-obtuse  latero  -  anterior  angles  into  the  lateral  posterior 
sinuses.  Posterior  margin  with  a  wide  shallow  median  sinus, 
and  two  smaller  lateral  ones. 

The  latero-posterior  angles  are  placed  on  a  line  with  the  cen- 
tral portion  of  the  median  sinus,  and  the  shield  is  one-half  inch 
narrower  here  than  at  the  median  transverse  diameter.  A 
slight  median  longitudinal  depression  along  the  central  portion 
of  the  lateral  third. 

Under  side  concave;  divided  into  two  lateral  fossae  by  a 
strong  longitudinal  spine  or  crest  projecting  anteriorly  beyond 
the  margin  of  the  shield,  where  it  bifurcates.  It  projects  one- 
half  inch  downward  from  the  plate  near  the  anterior  border 
where  it  is  about  one-fourth  of  an  inch  thick  and  from  which 
it  gradually  enlarges  to  three-eighths  of  an  inch  at  a  point 
about  one-third  of  the  length  of  the  plate  from  the  border, 
when  it  rapidly  tapers  oflf. 

The  projecting  portion  of  the  spine  widens  out  and  bifur- 
cates into  two  thin  perpendicular  plates;  which,  after  passing 
somewhat  beyond  the  margin  rapidly  slope  downward  and  for- 
ward, terminating  in  two  sharp  points  on  a  plane  with  the 
lower  border  of  the  inferior  crest,  one-half  inch  apart,  with  a 
projection  of  five-eighths  of  an  inch  beyond  the  plate. 

Length  of  plate,  exclusive  of  spine,  four  and  one-half  inches 
Median  portion  one-eighth  of  an  inch  in  thickness.  The  right 
lateral  sinus  in  the  specimen  figured  is  slightly  deeper  than  the 
left.  It  must  have  been  of  large  size,  though  but  a  pigmy 
compared  with  its  congeners  of  the  adjacent  seas,  some  of  which 
were  from  two  to  three  feet  across  their  armor-clad  backs. 
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\T.  LX. — Mineraiogtcal  Notes  ;  by  Edward  S.  Dana. 

1.  Allanite. 

EWHAT  more  than  a  year  since,  Professor  James  Hall 
in  the  hands  of  the  writer  a  crystal  of  allanite  for  crys- 
aphic  description.  This  crystal  was  obtained  from  the 
tite  ore  bed  at  Moriah,  Essex  County,  New  York.  This 
f  has  in  time  past  afiForded  specimens  of  the  same  min- 
d  sometimes  of  very  considerable  size^but  the  crystal  in 
)n  is  remarkable  for  this  locality  and  tne  species,  both  in 
;  to  size  and  perfection  of  form.  The  crystal  is  tabu- 
form,  through  the  predomination  of  the  orthopinacoid, 
in  general  rectangular  in  outline.  It  measures  about 
4^  inches;  the  planes  are  smooth,  their  intersection  lines 
sharply  defined  and  the  entire  crystal  is  nearly  perfect 
Mnmetrical  except  where  the  surface  is  penetrated  by 
tile.  The  habit  of  the  crystal  is  shown  in  the  adjoining 
*  which  is  one-fourth  of  the  natural  size.  The  occurring 
are  as  follows : 


i-i 

(100,  a) 

-1-t 

(101,//) 

0 

(001,  c) 

+  1-1- 

(101,  r) 

I 

(110,/) 

+  2-i 

(201,  I) 

i'2 

(210,  u) 

14 

(011,0) 

hi 

(102,  m) 

-1 

(111,  rf) 

+  1 

(Tn,«) 

Allanite. 


)sition  here  adopted  is  that  of  Kokscharof  (Min.  RussL, 
c),  and  the  letters  are  the  same  as  his  except  those  of  the 
ids  and  the  unit  prism:  a=T,  c^M  and  /=z.  For 
rison  it  should  be  stated  that  in  the  figures  on  p.  286, 
;  System,  5th  edition,  l-i  is  the  orthopinacoid,  and  i-i  the 
:)inacoid  of  Kokscharof  (a  and  c  respectively  of  the  above 
I ;  the  position  taken  in  Dana's  System  is  that  of  Mohs. 
ngles  on  this  crystal  could  be  measured  only  with  the 
t  goniometer,  and  hence  they  are  not  sufficiently  accurate 
e  a  basis  of  comparison  with  those  obtained  in  more 
ble  circumstances;  they  are  consequently  not  quoted 
in  general  it  may  be  said  that  they  agreed  satisfactorily 
hose  generally  accepted  for  the  species. 

^  figure  was  inserted,  by  mistake  of  the  printer,  in  a  paper  by  the  present 
)n  .'^tibIlite  in  the  number  of  the  Journal  tor  September,  1883  (III,  xxvi, 
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2,  Apatite. 

Several  years  ago  the  writer,  through  the  kindness  of  ^r. 
Samuel  R.  Carter  of  Paris,  Ua,  was  able  to  examine  a  crystal 
of  apatite  of  ao  unusual  form  as  to  deserve  a  special  notice. 
The  examination  was  completed  at  that  time  but  the  results 
are  now  for  the  first  time  published.  The  crystal  was  from  the 
tourmaline  locality  at  Pans,  Me.,  and  when  received  was  partlj 
coated  by  a  film  of  cookeite  which,  however,  readily  scaled 
off,  leaving  the  planes  beneath  uninjured.  The  crystal  was 
small,  about  one-iourtb  of  an  inch  in  length,  and  had  a  deep 
blue  color.  The*form  of  the  crystal  is  given  in  the  adjacent 
figure;  it  is  remarkable  both  for  its  complexity  and  also  be- 
cause the  pyramidal  termination  is  essentially  formed  by  a 
Syramid  of  the  third  order.  The  occurrence  of  these  hemihe- 
ral  forms  on  apatite  is  common,  but  they  are  usually  subord- 
inate, being  only  modifications  of  the  predominating  simple 
form.  The  pyramidal  angle  in  this  case(2lSl  aS^II)  is  51"  3T'. 
The  planes  here  present  are ; 


0    (0(K)],e) 

i 

(T0J3,  »)• 

/    (1018,/) 

3 

(303],  ;) 

i-2     (UiO.  0 

2.2 

(1131,  s| 
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+  (li-l) 
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i     (1012,  r) 

+(3-i) 
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-(4-1) 

{wlW.  «1 

Of  these  planes,  the  two  marked  by  an  asterisk  arc  new  to  itie 
species,  namely  J  (w),  which  was  determined  by  the  fact  of  iu 
being  in  the  zone  J  to  0,  and  also  in  the  zone  between  m  and 
m(21'l  and  S^iU).  The  form  7-J-  (y)  was  determined  in  piin 
by  the  zone  i-2,  3|.  etc.  (1150,  21^1),  and  also  by  the  measured 
angle  on  /-2=ll"  to  12°.  The  planes  y  were  uniformly  rough 
and  allowed  of  only  approximate  measurements.  The  calcu- 
lated angles  for  both  these  forms  (taking  c=0734603  as  given 
by  Kokscharof)  are : 

(),  J  ,  OOUl  -7073  -     63^2' 

y„i  ,  ioi(i.70i:i  -  28  48 

(J, 7-1,  0001  -4371  =     13     2 
I-l-l,      10i0,43^1   =  2T  25 

j-2~7.i,  !r:'()-4:ni  =  ii  6fi 
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3.  Tysonite. 

Mr.  S.  T.Tyson  recently  showed  to  the  writer  a  large  speci- 
men of  the  rare  species  tysonite  from  Colorado,  described  by 
Allen  and  Comstock  and  proved  by  them  to  be  a  fluoride  of 
the  cerium  metals  (this  Journal,  III,  xix,  890,  1880).  This 
specimen  is  much-  the  largest  which  has  yet  been  found,  having 
a  weight  of  no  less  than  two  and  a  half  pounds.  It  was  very 
homogeneous  and  only  on  one  side  showed  a  partial  alteration 
to  bastnasite;  it  exhibited  very  distinctly  tne  characteristic 
basal  cleavage  of  the  species.  At  one  point  the  summits  of  a 
few  crystals  were  observed,  and  through  the  kindness  of  Mr. 
Tyson  the  writer  has  been  able  to  obtain  some  data  to  complete 
the  description  of  the  species.  The  original  crystals  showed 
only  the  basal  plane  and  the  prisms  of  the  first  and  second 
order  (/,  and  V-2).  The  crystals  now  in  hand,  or  rather  crystal- 
line fragments,  showed  in  addition  the  planes  1,  2,  and  2-2. 
It  was  furthermore  observed  on  them  that  the  mineral  has  a  dis- 
tinct cleavage  parallel  to  the  unit  prism  /.  The  observed 
planes  for  the  species  are  then  : 
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(0001,  c) 

1     (I0ll.i>) 

I 

(lOlO) 

2     (2021,  q) 

t-2 

(1120,  t) 

2-2     (1121,5) 

On  two  crystals  the  angle  between  (9  and  1  admitted  of  accu- 
rate measurement ;  the  result  was 

0^1,     0001  ^  1011     =     38°  26'     and     38°  24i' 

Of  these  the  former  is  accepted  as  the  fundamental  angle,  as 
the  planes  affording  it  were  best  suited  to  give  accurate  results. 
The  length  of  the  vertical  axis  is  then 

c  =  0-68681 ; 

and  the  more  important  angles  calculated  from  it  are: 
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I.   Chemistry  and  Physics. 

1.  New  Determiiiations  of  Atomic  Weights. — Tlie  results  which 
have  recently  been  reached  with  the  rarer  earths  by  successive 
fractional  precipitations  or  decompositions,  showing  that  ele- 
ments whose  oxides  are  closely  allied  in  properties  may  yet  have 
widely  different  atomic  weights,  have  led  Makignac  to  submit 
some  of  the  more  common  oxides  to  a  similar  course  of  fractional 
precipitations  in  order  to  detect  any  progressive  variation  in 
the  atomic  weight.  In  the  case  of  bismuth,  a  solution  of  the 
nitrate  was  fractionally  precipitated  by  water,  the  basic  nitrate 
converted  into  the  oxide  by  ignition  and  this  reduced  by  hydro- 
gen to  the  metal.  Six  experiments  gave  208*62,  208*92,  2u8*58, 
208*82,  208*08,  208*56 ;  the  mean  being  208*60.  A  second  set  of 
experiments  was  made  by  converting  a  known  weight  of  the 
oxides  obtained  by  fractioning  into  sulphates  and  weighing.  Six 
determinations  gave  208*06,  207*94,  208*13,  208-33,  208*11  aud 
208*30  ;  or  208*16  as  the  mean.  To  prepare  the  manganese  oxide 
the  nitrate  was  partially  precipitated  by  oxalic  acid,  the  filtrate 
evaporated  to  expel  excess  of  nitric  acid,  diluted  and  again  pre- 
cipitated with  oxalic  acid  as  before.  Seven  separate  fractions  as 
oxalates  were  thus  obtained,  of  which  1,  3,  5  and  7  were  con- 
verted into  oxide  by  roasting,  and  this  reduced  to  manganous 
oxide  by  hydrogen  at  a  high  temperature.  By  converting  a 
known  weight  of  this  oxide  into  sulphate,  the  atomic  weight  of 
manganese  was  found  to  be  55*12,  55*0:^,  55*07,  55*06  ;  or  5507 
as  a  mean.  For  the  determination  of  the  atomic  w^eight  of  zinc, 
five  successive  products  were  obtained  by  partial  decompositions 
of  the  nitrate  by  heat.  The  oxide  was  at  first  converted  into  sul- 
phate, in  order  to  determine  by  the  increase  of  its  mass,  the 
atomic  weight.  But  the  results  were  not  satisfactory.  It  was 
then  converted  into  the  double  chloride  of  potassium  and  zinc, 
and  the  chlorine  determined  in  a  weighed  portion  by  titrition. 
The  values  found  were  65*26,  65*22,  65*37,  05*31  and  65*28;  or 
05*20  as  ^  mean.  Three  subsequent  determinations  made  upon 
specially  purified  crystals  gave  65*28,65*39  and  65*32;  or  65'3:i 
as  a  mean.  For  the  determination  of  the  atomic  weight  of  mag- 
nesium two  sets  of  experiments  were  made.  In  the  first,  magne- 
sium nitrate  was  fractionally  calcined,  giving  five  successive 
pn;ducts  of  oxide ;  the  sulpliate  was  thus  calcined  giving  three 
specimens  of  oxide;  and  the  carbonate  thus  treated  gave  two 
specimens.  These  samples  of  oxides  were  all  converted  into  sul- 
phates and  weighed,  giving  2440,  24*37,  24*37,  24*39,  24*40, 
24-37,  24*36,  24*37,  '1A"X^,  24*38;  or  24*38  as  a  mean.  In  the  sec- 
ond set,  fractionally  crystallized  specimens  of  sulphate  were 
calcined,  giving  six  sj)ccimens  of  oxide  ;  the  sulphate  fractionally 
precipitated  by  alcohol  was  calcined,  also  giving  six  specimens: 
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and  a  last  fraction  of  the  sulphate  was  calcined,  which  had  crys- 
tallized froju  an  acid  solution..  The  values  obtained  were  24*38, 
24-36,  24-39,  24-3'7,  24-35,  24-37,  24-41,  24-3'7,  24-37,  24-37,  24-36, 
24*38,  and  24*37  ;  excluding  the  seventh  as  erroneous  from  the 
presence  of  a  trace  of  calcium,  the  mean  of  the  above  values  is 
24*37  for  magnesium. — Aim,  Chem,  Phys,^  VI,  i,  289,  March,  1884. 

G.  F.  B. 

2.  On  a  new  reaction  of  Ethyl  Carbamate. — The  substance 
C  H,^NO„  obtained  by  Haller  by  the  action  of  cyanogen  on 
sodium-borneol,  was  observed  to  split  up  under  the  action  of  alco- 
holic potash  into  potassium  cyanate,  water  and  borneol.  The 
body  C  H  NOj,  obtained  by  Arth  by  acting  similarly  on  men- 
thol spills  m  the  same  way.  As  these  bodies  have  the  composi- 
tion and  properties  of  carbamic  ethei-s,  the  latter  chemist  under- 
took an  examination  to  ascertain  whether  this  behavior  was 
characteristic  of  the  class  of  urethanes.  On  submitting  ethyl 
carbamate  to  the  action  of  boiling  alcoholic  potash  in  a  flask  with 
an  upward  condenser  for  half  an  hour,  the  liquid  contained 
abundant  hard  brilliant  crystals  of  potassium  cyanate.  The 
mother  liquor  evaporated  with  ammonium  sulphate  readily  gave 
urea.  Hence  the  above  reaction  is  general. — BvU,  Soc,  Chim.^ 
II,  xli,  334,  April,  1884.  G,  F.  B. 

3.  On  the  synthesis  of  a  Glycoside  of  Tartaric  acid. — 
GuYARD  has  succeeded  in  effecting  the  synthesis  of  a  glucoside  of 
tartaric  acid,  by  projecting  the  anhydrous  tartaric  acid  of  Fremy 
into  melted  glucose  until  the  mixture  becomes  pasty  and  less 
fusible.  An  abundant  evonition  of  aqueous  vapor  is  observed 
and  the  resulting  product  is  white,  soluble  readily  in  water,  and 
unaltered  by  prolonged  ebullition.  The  presence  in  it  of  neither 
glucose  nor  tartaric  acid  can  be  detected.  If  boiled  for  a  few 
minutes  with  a  dilute  acid,  glucose  and  tartaric  acid  result. — 
Bull.  Soc.  Chim.y  11,  xli,  291,  March,  1884.  G.  f.  a 

4.  On  the  Physical  Isomerism  of  Camphol-urethanes.  —  The 
substance  obtained  by  Haller  by  the  action  of  cyanogen  on 
right-sodium-camphol,  and  which  has  been  shown  by  Arth  above 
to  be  a  camphol-ureth'ane,  rotates  the  polarized  beam  to  the  right 
and  crystallizes  in  heniihedral  crystals.  Haller  has  now  prepared 
this  urethane  from  left-cainphol  obtained  from  the  borneol  of 
Ngai.  Its  aqueous  solution  on  cooling  deposited  crystals  of  left- 
camphol-urethane  in  fine  needles  melting  at  126**- 1 27°.  The  solu- 
tion rotates  the  polarized  beam  to  the  left  al>z=  —29*90®.  The 
crystals  while  hemihedral  like  those  of  right-camphol-urethane, 
are  so  in  an  inverse  sense.  In  the  right-handed  variety  certain 
planes  exist  only  on  one  side  of  the  crystal  while  they  are  absent 
on  the  other.  In  the  left-handed  variety  these  planes  are  present 
but  in  an  opposite  sense,  being  on  the  left  side  instead  of  the  right. 
These  two  camphol-urethanes  present  in  their  crystals  the  same 
kind  of  physical  isomerism  relatively  to  each  other  that  Pasteur 
observed  in  the  right  and  left  ammonium-sodium  tartrates.  The 
borneol  carbonate   formed   simultaneously  with  the  urethane  is 
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the  8amc  whether  the  camphol  be  right  or  left,  having  the  con- 
stant fusing  point  of  226**-227'.  By  the  action  of  alcoholic  pot- 
ash it  splits  into  camphol  and  potassium  carbonate. — BtiU,  Soc. 
Chim,y  II,  xli,  327,  April,  1884.  g.  f.  a 

5.  Ofi  a  relation  between  the  Capillary  cofistant  of  a  Liquid 
at  the  boiling-pohitj  and  its  Chemical  composition,— Schifv  ha8 
succeeded  in  obtaining  a  relation  between  the  capillary  constant 
of  certain  liquids  and  their  chemical  composition,  oy  determining 
this  constant  at  the  boiling  point.  For  this  purpose  a  U-tube 
was  employed,  the  two  sides  of  different  diameters,  hung  in  tbe 
vapor  of  the  liquid  with  which  it  was  filled.  From  the  differ- 
ence of  level  in  the  two  legs,  the  capillary  constant  was  readily 
calculated.  Beside  this  value,  which  the  author  represents  by  a , 
he  uses  ^aU  to  represent  the  weight  of  the  raised  liquid  for  unit 
length  of  the  contact  line,  where  a  is  the  specific  gravity  of  the 

liquid.     If  m  =:  the  molecular  weight,  —  =  v,  the  molecular  vol- 

ume,  and  = —  ^  - —  =  --  =  N,  the  relative  number  of  molecules 
m         m       2v 

8 

raised  per  unit  length  of  the  contact  line  between  the  liquid  and 
the  wall  of  the  solid.     Since  the  value  of  N  is  small,  the  author 
multiplies  it  by  1000.     The  results  of  the  measurements  are  given 
for  60  organic  liquids,  water  being  first   measured.      For  this 
li<iuid,  a*  was  found  to  be  15*090  at  S'O*.     Hexanc  gives  rt'=4-514, 
^a'«=l*386,   and   N  =  161    at   the'boiling   point,   68-1°.      For 
ethylbenz^ene  the  values  are,  a*=4-495,  ^aV^  1*710,  and  N=16'2 
at  136*9°.     Ethyl  alcohol,  a'=4*782,  ia'i=r765  and  N=38-4  at 
78°,  etc.     Comparing  now  together  chemically  analogous  bodies, 
the  values  of  a*  and  of  N  are  closely  similar.     Thus  isobutyl- 
alcohol,  ethyl  formate   and  ether,  bodies  which    have   different 
boiling  points  though  the  same  molecular  weights,  73*84,  have 
the  followhig  values  of  a':  4*416,  4*628,  4*621.     And  the  isomers 
methyl  butyrate,  propyl  acetate  and  ethyl  propionate  give  for  X 
the  values  16  9,  15*6  and  15*6.     Moreover,  it  appears  that  among 
the  isomers  of  the  fatty  scries  those  with    the  highest  boiling 
points  show  the  greatest  capillary  elevation,  the  greater  number 
of  raised  molecules,  while  the  converse  holds  with  the  aromatic 
series.     If,  now,  those  substances  be  compared  which  give  practi- 
cally the  same  value  for  N,  as  for  example  16,  we  have  hexane 
C^Hj^  giving  for  N  16*1,  the  xylenes  and  ethylbenzene  CJI,^^,  giv- 
ing 16*0,  15*9,  15*8  and  16*2,  and  compound  ethers  of  the  formula 
C^JI,.,0„  giving  15*8,  15*6,  16*6,  15*9  and  15*7.     Now  C\H,^  has 
C,  less  and  H   more  than  C'JI,,,.     Hence,  relatively  to  the  con- 
stant N,Cj,=H^.     So  Cni,„  has  C,  more  and  O,  less  than  C^H,^,; 
and    therefore   C^^zO^.       Other   groups    give   the   same   results. 
From  the  above  it  follows  that  C=iH.^  and  OrzHj.     From  dime- 
thyl-acetal  and  chloroform  it  appears  that  ('1=11,.     These  values 
enable  us  to  substitute  a  certain  number  of  hydrogen  atoms  for 
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the  chlorine,  carhon  and  oxygen  atoms  in  any  molecule  and  thus 
to  formulate  a  substance  which,  if  it  could  exist  in  the  free  state 
would  have  the  same  capillary  constant  as  the  original  body. 
Hence,  two  substances  having  the  same  value  for  N,  may  by 
means  of  these  equivalents  be  represented  by  the  same  number  of 
hydrogen  atoms.  Thus  CH^O=H  ,  the  value  of  N  being  59*8 ; 
C,H,0,=H„,  N  being  20-4;  C,H„0,=H,.,  N  being  8-7;  and  so 
on.  If  a  curve  be  drawn  with  these  hydrogen  values  as  ordinates 
and  the  corresponding  values  of  N  as  abscissas,  then  obviously, 
having  given  any  substance  containing  C,  O,  H  or  CI,  its  formula 
may,  by  using  the  above  equivalences,  be  translated  into  its  hy- 
drogen equivalent  and  then  from  the  curve,  its  capillary  con- 
stant be  obtained.  In  other  words,  from  the  molecular  formula 
of  a  substance,  its  capillary  constant  at  the  boiling  point  may  be 
calculated.  Since  N=:J^a  -=-v,  the  value  of  either  a  or  v  (the 
molecular  volume)  may  be  calculated  if  the  other  is  known.  The 
calculated  and  observed  values  of  N  as  given  in  the  paper  are 
very  close.  With  regard  to  the  equation  of  the  curve,  which  is 
concave  toward  the  axis  of  abscissas,  the  author  finds  it  to  be 

y=—  .  e  ,  the  equation  of  a  logarithmic  curve.     A 

complete  table  of  the  liquids  tested,  their  formulas  and  values 
of  a",  ^rt'«,  and  N,  concludes  the  paper.  —  Liehig*s  AnncUen^ 
ccxxiii,  47,  March,  1884.  g.  f.  b. 

6.  On  t/ie  Discovery  of  the  Periodic  Law  and  on  Relations 
among  the  Atomic  weights;  by  Jonx  A.  R.  Newlands,  F.I.C, 
etc.  34  pp.  12mo.  London,  1884  (E.  &  F.  N.  Spon).— This  little 
volume  contains  a  reprint  of  several  articles  by  tlie  author,  in 
which  he  developed  the  idea  of  the  Periodic  Law  in  the  arrange- 
ment of  the  chemical  elements.  He  thus  shows  the  extent  to 
which  he  anticipated  MendelejefF  in  the  latter's  subsequent  devel- 
opment of  the  same  subject.  The  book  is  valuable  chiefly  as  a 
contribution  to  the  history  of  this  important  subject. 

7.  Absorptio7i  Spectra  of  Water. —-^he  Society  of  Physics  and 
Natural  History  of  Geneva  has  appointed  a  committee  to  study 
the  color  and  the  transparency  of  the  water  of  Lake  Geneva. 
This  committee  is  composed  of  Plantamour,  Soret,  Luc,  de  la 
Rive,  C.  de  Candolle,  Ed.  Sarasin,  Herm.  Lai,  L.  Pictet,  A. 
Killiet  and  O.  Soret.  Two  of  the  committee,  MM.  Soret  and 
Sarasin,  have  studied  the  absorption  spectra  of  the  water  taken 
from  different  localities.  The  water  was  contained  in  four  tubes 
of  glass  1*10  meters  in  length,  and  0*05  meters  in  diameter.  One 
of  these  tubes  did  not  produce  a  sensible  absorption  in  the  solar 
spectrum.  But  with  two  tubes,  that  is  with  a  length  of  a  little 
over  two  meters,  an  obscure  band  appeared  in  the  orange.  This 
band  was  very  feeble  and  narrow.  It  was  a  little  less  refrangible 
than  the  D  line  and  corresponded  very  nearly  with  the  wave 
length  600.  With  three  tubes  the  band  is  more  marked  and  the 
absorption  increases  to  the  red  extremity  of  the  spectrum.  With 
four  tubes  or  a  total  thickness  of  nearly  4*50  metei's,  the  band 
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crrows  (larker,  l>ut   still   remains  of  a  not  pron«)nnce«i  gray  tint 
The   water  was  taken  from  various  localities — from  the  eondaits 
near  tlie  city  of  Geneva — from  the  Arve.     Distilled  water  was 
also  used,  and  water  freed  from  gases  in  solution  and  from  silica. 
It  seems  difficult  therefore  to  attribute  the  absorption  band  to 
impurities   in   the   liquid  and  it  is  probably  due  to  a  selective 
aV>sorption  of  water.     Various  experiments  showed  that  it  was 
not  due  to  the  apparatus  employed.     That  this  band  has  not  been 
perceived  by  M.  Seech i,  M.  Vogel  and  other  physicists  who  have 
studied   the  absoq)tive  effects  of  water,  is  probably  due  to  the 
conditions  under  which  their  observations  were  made.     The  red 
and  orange  were  j>erhaps  too  much  enfeebled,  either  by  the  great 
length  of  water  traversed  by  the  light  or  by  the  employment  of 
a  too  feeble  source  of  light.     Through  four  meters  and  even  eight 
meters  of  water  the  author  could  not  detect  the  band  between 
E  and  b  which  Vogel  found  in  the  light  in  the  grotto  of  Capri 
This  appears  to  indicate  that  this  band  is  due  to  substances  in 
solution   in   the    water. —  Comjytes  Refidus^  March  10,   1884,  pp. 
624-626.  J.  T. 

8.  Magnetic  effect  of  Electrical  Convection. — liowland^s  ex- 
periment upon  the  magnetic  effect  of  electrical  convection  has 
been  called  in  question  by  Dr.  Lecher  of  Vienna.  Dr.  Lecher 
modified  Rowland's  experiment  by  placing^  the  rotating  disc  in  a 
vertical  plane,  its  axis  being  horizontal.  The  magnet  needle  was 
placed  parallel  to  the  plane  of  the  disc  and  in  the  axis  of  its  rota- 
tion, relatively  as  the  coil  and  needle  of  a  Gaugain  galvanometer. 
Discs  of  brass  and  papier  marhe  covered  with  graphite  were  em- 
ployed and  were  charged  to  potentials  of  about  500U  volts.  No 
deflection  was  observe<l  with  a  rotation  of  200  revolutions  per 
second. — Nature^  April  1(>,  1884.  j.  T. 

9.  llalPs  phenotnenon. — M.  Leduc  has  investigated,  by  means 
of  a  capillary  electrometer,  the  [)henomenon  discovered  by  Mr. 
Hall  and  finds  that  if  the  strength  of  the  magnetic  field  does  not 
exceed  a  certain  value  that  the  deviation  of  the  equipotential  line 
and  the  line  of  force  at  the  ])oints  where  they  meet  can  be  repre- 
sente<l  by  the  fornmla  D=:^M(1— a<),  k  being  the  deviation  pro- 
<luced  at  the  temperature  0  at  a  point  where  the  magnetic  intens- 
ity is  1  and  a  is  a  constant.  For  bismuth  a  is  very  small ;  for 
silver  it  varies  from  0*008  to  0*009.  This  deviation  can  he  con- 
sidered as  due  to  a  heterotrophy  which  the  metal  assumes  in  the 
magnetic  field  and  is  analogous  to  that  which  light  undergoes  in 
falling  normally  upon  a  doubly  refracting  substance,  l^e  phe- 
nomenon is  very  feeble  in  an  alloy  of  bismuth  and  lead  of  equal 
weight  which  is  very  malleable.  It  is  zero  in  lead  according  to 
Dr.  Hall.  The  crystalline  state  of  bismuth  appeal's  therefore  to 
play  a  greater  part  in  the  production  of  the  phenomenon  than 
the  nature  of  the  metal  itself,  as  also  happens  in  the  case  of 
diamagnetism. —  (^oin)tf(s  Rendus^  March  17,  1884,  pp.  073-075. 

Mr.  Shelforcl  liidwell,  Philosophical  Magazine,  April,  1884,  has 
tatempted  to  show  that  Mall's  phenomenon  is  due  to  a  strain,  and 
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Peltier '  effect  in  the  thin  strip  of  metal  interposed  between  the 
poles  of  an  electro  magnet,  and  publishes  a  table  in  which  he 
finds  great  agreement  between  the  direction  of  the  Hall  effect 
and  the  thermo-electric  effect  of  strain  in  different  metals.  Mr. 
Hall  has  replied  in  Science,  March  28,  1884,  and  shows  that  if  the 
strain  is  proportional  to  the  magnetic  force,  as  Mr.  Bid  well  sup- 
poses, the  Hall  effect  should  be  proportional  not  to  the  current,  as 
actually  is  the  case,  but  to  the  cube  of  the  current. 

Professor  S.  P.  Thompson  and  Mr.  C.  C.  Starling  have  also 
varied  Dr.  Hall's  experiment  by  using  a  very  large  sheet  of  tin 
foil,  80  that  the  wires  and  connections  should  be  entirely  outside 
the  magnetic  field,  and  have  also  employed  pointed  electro-mag- 
nets. Ill  this  case  the  Hall  phenomenon  is  not  produced.  An 
alteration  in  the  equipotential  lines  due  to  change  of  resistance  is 
noticed.  Strips  of  gold  and  tin  show  a  decrease.  Strips  of  iron 
show  a  slight  increase  of  resistance  when  subjected  to  a  strong 
magnetic  field. — Physical  Society,  London,  Nature,  April  10, 
1884,  p.  568.  J.  T. 

10.  ^   Text  Book  of  the  Priiiciphs  of  Physics;  by  Alfred 
Daniem.,  M.A.,  Lecturer  on  Physics  in  the  School  of  Medicine, 
Edinburgh.     653  pp.  8vo.     London,  1884  (Macmillan  &  Co.). — 
Teachers  of  Physical  Science  will  welcome  a  text-book,  wnich 
unlike  most  of  the  works  on  general  Physics  now  in  use,  aims  to 
develop  the  principles  of  the  Science  rather  than  to  give  a  mere 
summary    of    physical    phenomena.     According   to    the   modern 
methods  of  instruction  a  student  is  expected  to  have  as  wide  an 
opportunity  as  possible  to  do  practical  work  in  the  laboratory, 
and  thus  there^is  much  less  necessity,  than  was  formerly  the  case, 
for  the  long  descriptions  of  instruments  and  methods  of  experi- 
ment with  which  the  older  books  are  loaded  down.     The  author 
treats  the  introductory  parts  of  the  subject  with  almost  too  great 
fullness,  that  is,  the  subjects  of  kinematics  and  kinetics,  the  differ-. 
ent  forms  of  matter,  and  so  on,  leaving  only  half  the  space  for 
the  development  of  heat,  sound,  radiant  energy,  electricity  and 
magnetism.     These  latter  subjects,  consequently,  are  treated  in 
many  points  too  ineagerly  to  be  symmetrical   with  the  earlier 
part  of  the  work.     The  author  uses  throughout  the  absolute  units 
on  the  c.  g.  s.  system,  but  has  rejected  the  usual  convention  by 
which  the  use  of  a  long  line  of  ciphers  is  avoided. 

11.  Absolute  Measurements  hi  Electri city  and  Magiiet ism  ;  by 
Andrew  Gray,  M.A.,  etc.  207  pp.  12mo.  London,  1884  (Mac- 
millan &  Co.). — The  universal  adoption  by  electricians  of  the 
series  of  electrical  units,  based  upon  the  absolute  system,  which 
was  recommended  by  the  Paris  Congress  of  1881,  has  served  to 
put  electrical  measurements  upon  a  basis  of  precision,  which  was 
impossible  as  long  as  the  old  methods  were  adhered  to.  This 
little  volume  of  Mr.  Gray  starts  with  the  explanation  of  the  rela- 
tions of  these  units,  and  goes  on  to  develop  the  principles  involved 
in  absolute  measurements,  and  the  practical  methods  and  instru- 
ments employed  in  them.     The  subject  is  one  of  great  importance 
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at  the  present  time,  especially  in  view  of  the  wide  interest  felt  in 
the  practical  applications  of  electricity,  and  the  excellence  of  this 
treatise  cannot  fail  to  be  appreciated  by  all  who  use  it. 

12.  Heat ;  by  P.  G.  Tait,  M.A.,  etc.  368  pp.  8vo.  London, 
1884  (Macmillan  &  Co.). — The  well-known  name  of  the  author  is 
a  sufficient  guarantee  of  the  high  character  of  this  treatise,  and 
those  who  take  it  up  expecting  to  find  an  exceptionally  clear  and 
lucid  exposition  of  the  principles  of  this  department  of  Physics 
will  not  be  disappointed.  The  author  states  that  the  work  is 
intended  especially  for  students  who  have  not  a  scientific  career 
before  them,  but  whose  aim  is  to  gain  an  accurate  knowledge  of 
the  important  facts  and  theories  of  modern  physical  science.  For 
this  class  of  students  the  work  is  admirably  adapted  in  its  clear- 
ness and  simplicity  of  style,  fullness  of  word  illustration  and 
logical  development  of  the  fundamental  principles.  It  is,  however, 
calculated  to  be  of  value  to  more  advanced  students,  and  those 
whose  design  is  more  strictly  scientific,  for  there  is  a  freshness  in 
the  method  of  treatment  which  makes  it  valuable  and  suggestive 
to  all. 

II.  Geology  and  Natural  History. 

1.  Genera  of  Fossil  Cephalopoda;  by  Professor  A.  Hyatt, 
(Proc.  Boston  Soc.  Nat.  Hist.,  xxii,  April,  1883). — Professor 
Hyatt  gives  in  this  memoir  the  last  results  of  his  extended  study 
of  the  Nautiloid,  Ammonoid  and  other  groups  of  Cephalopods. 
Of  these  results  not  the  least  important  an*  his  interesting  deduc- 
tions as  to  the  genesis  of  the  ^roun,  based  on  comparisons  of  tbe 
successive  forms  of  the  whorls  in  individual  shellJ,  and  with  the 
successive  forms  in  geological  time.  He  appears  thus  to  prove 
the  direct  derivation  of  the  Nautilus  family  and  of  the  Goniatites 
from  a  kind  having  the  shell  a  simple  straight  cone — the  form  of 
an  Orthoceras — the  young  form  in  Goniatites  as  well  as  in  Nan- 
tilus  being  of  this  kind.  The  remaining  Ammonoids  '*  skip  "  this 
simplest  form,  and  those  of  Cyrtoceras  and  Gyroceras,  in  their 
development,  but  still  bear  evidence,  in  his  view,  that  they  are 
"descendants  of  the  close-coiled  NautilinidjB."  lie  rotates  that 
**  the  generic  terms  Cyrtoceras^  Gyroceras  and  JVttutihis  are 
really  only  descriptive  terms  for  the  different  stages  in  tbe  devel- 
opment of  an  individual,  and  for  the  different  stages  in  tbe 
development  or  evolution  of  the  series  of  adult  forms  in  time;" 
that  *'  each  of  these  genera,  as  now  used,  includes  representatives 
of  all  the  different  genetic  series  of  Tetrabranchs ;"  that  the  ear- 
liest forms  "agree  in  general  aspect,  owing  to  the  proximity  of 
the  septa,  but  they  do  not  agree  in  structure  or  in  their  embryos.'* 
The  general  conclusion  is  extended  to  the  Belemnoid  and  Sepioid 
groups,  hut  with  less  satisfactory  proof. 

Facts  of  the  above-mentioned  kind  led  Mr.  Hyatt,  several  years 
since,  to  announce  the  "  law  of  acceleration  in  development"  as 
an  explanation  of  quickened  or  abrupt  steps  under  the  theory  of 
evolution,  which   he  now  prefers  to  designate  the  law  of  "  con* 
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ou  of  development."  He  speaks  of  the  saddeu  appearance 
net  types  in  Paleozoic  and  later  time  as  an  *'  acknowl- 
fact;  of  distinct  types  as  far  most  numerously  evolved  in 
)ic  type  than  later ;  of  the  field  of  variation  as  decidedly 
er  in  tne  Mesozoic  than  in  the  Paleozoic ;  observes  that  the 
ion  of  the  grander  groups  under  the  general  type  took 
apidly  in  the  Paleozoic ;  and  states  as  deduced  principles 
:ypes  are  evolved  more  quickly  and  exhibit  greater  struc- 
ifferenoes  between  genetic  groups  of  the  same  stock  while 
ar  the  point  of  origin  than  they  do  subsequently ;"  that 
mt  characteristics  disappeared  with  the  progress  of  a  type, 
bruptly,  in  accordance  with  the  law  of  concentration  of 
)ment  and  of  increase  in  concentration  with  the  progress 
jroup. 

lyatt  makes  no  reference  to  the  vastly  greater  length  of 
»ic  than  Mesozoic  time — probably  not  less  than  five  times 
if  not  ten — which  fact  bears  on  the  value  of  such  deduc- 

uncoiled  forms  which  occur  in  the  later  part  of  Mesozoic 
e  recognized  as  degraded  or  retrogressive  forms,  the  em- 
forms  in  all  tliese  uncoiled  kinds  being  coiled ;  and  the 
to  the  earlier  Paleozoic  forms  is  made  part  of  the  proof  as 
lerivation  of  the  group  from  those  early  species, 
nnection,  he  makes  the  following  reasonaole  statement: 
ves  of  the  erabryological  lamp  consider  that  they  must 
:,e  all  forms  which  have  similar  embryos,  and  dissociate  in 
;ation  all  forms  having  different  embryos.  As  a  matter  of 
nee  the  surest  guides  of  afiinity  are  the  adult  gradations 
IS.  These  show  that  the  Nautiloidea  and  Ammonoidea, 
mparatively  distinct  embiyos,  are  nevertheless  more  closely 
than  the  nelemnoidea  and  Ammonoidea  which  have  pre- 
similar  embryos,  and  that  Sepioidea  and  Belemnoidea, 
have  very  distinct  embryos,  must  also  be   closely   afiSli- 

pnnciple  *' Acceleration  in"  or  "concentration  of  develop- 
which  has  been  put  forward  also  by  Professor  Cope,  is  an 
lion  in  a  general  form  of  the  idea  that  there  were  abrupt 
1  the  line  of  progress  and  to  some  extent  an  explanation  of 
It  we  have  yet  to  learn  the  wherefore  as  to  such  abrupt 

lie  Geological  History  (\f  Serpentines,  including  /Studies  of 
\mhrian  Rocks  ;  by  T.  Sterry  Hunt.  Trans.  Roy.  Soc. 
I,  i,  section  4.  1883.  Montreal. — Dr.  Hunt,  reviewing  a 
he  has  treated  in  former  papers,  presents  here  some  of  the 
>nnected  with  the  serpentines  of  ^orth  America,  and  other 
oni  those  of  Europe,  and  his  deductions:  (1)  that  serpentine 
?r  a  true  eruptive  rock,  and  (2)  is  of  aqueous  origin.  The 
conclusion  is  well  sustained  ;  the  latter  might  have  been 
ed  with  much  greater  thoroughness ;  for  the  best  faot^  on 
)ject  are  overlooked.      No  suflScient  use  is  made  of  the 
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many  examples  of  the  derivation  of  serpentine  by  alteration  from 
pyroxene,  hornblende,  enstatite,  chlorite,  and  nothing  adequate  to 
tne  importance  of  the  subject  as  to  it6  derivation  from  chrysolite 
and  chondrodite.      Under  the  head  of  "  Serpentines   in    North 
America,"  the  author  might  have  cited  many  more  facts  than  be 
has  done  from  North  Carolina,  where  the  origin  of  serpentine  is 
illustrated  on  a  grand  scale  and  with  details  that  are  exceedingly 
instructive.     Other  facts  might  have  been  given  from  the  Tilly 
Foster  Iron  Mine,  at  Brewster,  New  York,  where  the  change  of 
chondrodite  (a  magnesia  silicate  containing  fluorine)    to  serpen- 
tine is  exemplitied  with    wonderful  fullness;  where  white  dolo- 
mite sprinkled  with  grains  of  chondrodite  has  in  some  parts  the 
grains  partly  and  in  others  wholly  altered  to  serpentine  ;  where 
crystallized  chlorite,  enstatite  and  other  minerals   have    partici 
pated  in  the  change  and  show  all  shades  of  gradation  in  it ;  and 
where  brucite  (magnesia  hydrate),  fluorite  (calcium  fluoride),  and 
magnetite  in  flne  crystallizations  occur  as  results  of  the  changes 
that  went  forward  as  a  consequence  of  the  chemical  conditions; 
where  a  nearly  white  serpentine  often  occui*s  clouded   in  spots 
with    black,   due   to   microscopic   grains   of   magnetite,   derived 
apparently  from  the  excluded  iron  of  the  chondrodite,  these  and 
other  similar  facts  suggesting  a  possible  source  for  the  magne- 
tite of  other  serpentines.     The  author  describes  the  New  Rochelle 
serpentine  after  a  visit  to  the  region,  but  he  omits  to  mention 
that  tremolite,  or  a  white  to  pale  green  hornblende  occurs  abund- 
antly in   all  stages  of  gradation  in  composition  between  these 
minerals  in  the  unaltered  state  and  serpentine,  and  that  enstatite 
or   a   closely-related    mineral    is   another    of  the  half-altered   to 
wholly  serpentinized  species.     For  right  conclusions  with  regard 
to  the  origin  of  serpentine  and  its  relations  to  the    associated 
rocks  there  must  be  a  thorough  study  and  consideration  of  this 
class  of  facts,  which  is  here  neglected   almost  in  toto,  although 
abundantly  represented  in  Europe  as  well  as  America. 

3.  7%€  Tacoiiic  question  in  Geology;  by  T.  Stekry  Hunt. 
Part  I.  Transactions  of  the  Royal  Society  of  Canada.  Vol- 
ume i,  section  4,  1883,  Montreal. — The  deficiencies  and  one-sided- 
ness  of  the  historical  review  in  this  "  Part  I  "  are  so  great  that 
the  views  cannot  be  properly  considered  before  the  appearance 
of  the  closing  "  part."  The  subject  has  been  the  topic  of  former 
publications  by  the  author. 

4.  Results  of  an  I^xanmiatio?i  of  Syritifi  MoUuscan  I^ossils, 
chiefly  fr 07} I  the  Range  of  Mt.  Lebanon;  by  Charles  E.  Ham- 
lin. 68  pp.  4to,  with  G  plates.  Volume  x,'  No.  3  of  the  Mem. 
Mus.  Comp.  Zool.  Cambridge,  Harvard  College.  Cambridge, 
April,  1884. — After  speaking  of  the  publications  on  the  fossils  of 
Palestine  by  Conrad  (Dead  Sea  Exploring  Expedition  under 
Lieut.  Lynch),  I^.  Lartet,  in  1869-1872,  and  Professor  Oscar 
Fraas  in  1867,  1877  and  1878,  Mr.  Hamlin  observes: 

"The  most  important  consequence  of  the  labors  of  Lartet  and 
Fraas  is  the  change  of  view  which  they  have  brought  about  with 
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spect  to  the  age  of  the  stratified  rocks  of  Palestiue  and  the 
^banoD  region.  It  is  now  an  established  fact,  that  the  great 
'etaceous  system  wliich,  stretching  in  northern  Africa  through 
orocco  and  thence  eastward  to  Egypt,  and  southward  into  the 
.hara  and  the  Libyan  desert,  crosses  over  into  the  peninsula  of 
nai,  spreads  also  over  the  greater  part  of  Palestine  and  the 
nges  of  Lebanon  and  anti-Lebanon,  and  probaby  prevails  east 

the  Jordan  and  the  Dead  Sea,  in  Gilcad,  Moab,  and  Idumsea. 
le  earlier  explorers  seem  to  have  been  misled  by  the  strong 
terual  resemblance  of  the  light-colored  limestones  which  they 
•served  in  Palestine  to  the  rocks  of  the  White  Jura  of  Europe, 
d  therefore  regarded  them  as  Jurassic." 

The  species  described  and  well-figured  in  Mr.  Hamlin's  paper 
p  Cretaceous,  and  ])robably  later  than  the  Cenomanian  stage. 
}  to  the  Tertiary  formation,  he  states,  from  Fraas  and  Lartet, 
at  the  Eocene  occurs  in  Syria  south  of  Tarabulus  (Tripoli) ; 
It  that,  according  to  Fraas,  it  is  impossible  to  draw  the  limit 
tween  the  Cretaceous  and  the  Eocene,  since  it  is  found  that 
ummulites  pass  down  into  the  Cretaceous. 

5.  Recherches  sur  tes  Terrains  Anciefis  des  Asturies  de  la 
alice  (Spain),  par  Charles  Bahbois.  630  pp.  4to,  Lille,  1882. 
This  volume  is  the  report  of  an  extended  and  careful  study  of 
e  Paleozoic  and  underlying  rocks  of  this  part  of  Spain,  of  its 
cks,  its  stratigraphy  and  its  paleontology,  and  of  the  phenom- 
a  that  have  modified  the  Paleozoic  strata  since  their  for- 
ition.  It  is  illustrated  by  an  atlas  in  quarto  containing  sections, 
3WS,  and  many  plates  of  fossils.  The  author  states  that  the 
•imordial  or  Cambrian  group  passes  gradually  into  under- 
ing  crystalline  schists  without  unconformability  or  any  abrupt 
hological  change.  The  Primordial  includes  argillytes  and 
le-grained  mica  schists  (which  are  sometimes  staurolitic,  chlo- 
ic  and  occasionally  contain  tourmaline)  together  with  quartzyte 

sandstone,  and  limestone. 

The  upturning  of  the  series  of  beds  in  the  Cantabrian  Moun- 
ins  is  attributed  to  lateral  pressure,  and  occurred,  as  he  shows, 

or  toward  the  close  of  the  Carboniferous,  acting  in  the  direc- 
m  of  the  parallels  of  latitude. 

The  Mesozoic  beds  overlie  the  upturned  edges  of  the  Carbon- 
rous,  and  the  strata  are  conformable  to  the  top  of  the  Eocene, 
fact  indicating  that  the  next  great  epoch  of  disturbance  after 
at  closing  Paleozoic  time  in  Cantabria  occurred  after  the 
)cene  and  was  identical  with  that  which  determined  the  relief 

the  Pyrenees  (p.  604).  The  pressure  was  nearly  in  the  direc- 
)n  of  the  meridians  from  north  to  south.  The  features  of  the 
^ion  are  chiefly  duo  to  the  results  of  this  post-Eocene  disturb- 
ce,  for  it  not  only  caused  the  elevation  of  the  Mesozoic  beds, 
t  also  modified  sensibly  the  relief  of  the  Paleozoic  masses,  and 
oduced  the  great  difference  of  level  between  the  coal  beds  of 
e  Asturias,  which  are  worked  even  below  the  sea-level  at 
•nao,  and  those  of  the  Cantabrian  chain  in  which  they  have  a 
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height  of  2000  meters.  The  author  draws  attention  to  the  fact 
of  the  transverse  directions  in  the  great  uplifts  of  the  two  moao- 
tain-making  disturbances. 

Mr.  Barrois  detected  coccoliths  in  the  Devonian  rocks  and  con- 
cluded that  these  microscopic  convex  or  plano-convex  disks  are 
of  inorganic  origin  and  not  organic  (p.  46).  The  Paleontological 
part  of  the  volume  contains  many  observations  of  wide  interest, 
but  there  is  not  space  here  for  a  revie\^  of  them. 

6.  Catalogue  of  the  Fossil  Sponges  in  the  Geological  D^f>art- 
ment  of  the  British  Museum  (Natural  History)^  with  DeseriptioM 
of  new  and  liftk-kno^on  species,  by  George  J.  Hinde,  Ph.D., 
F.G.S.  248  pp.  4to,  with  38  lithographic  plates. — The  remark- 
able fullness  of  the  British  Museum  in  its  collection  of  fossil 
sponges  has  enabled  the  learned  author  of  this  volume  to  make  a 
general  review  of  the  subject  and  contribute  largely  in  species 
and  facts  to  this  branch  of  paleontology.  The  genera  repre- 
sented by  species  in  the  museum  are  141  in  number  ;  of  thejse  120 
are  of  Siliceous  sponges,  and  the  rest  of  Calcareous;  32  species 
are  from  the  Paleozoic,  16  from  the  Triassic,  96  from  the  Jurassic, 
245  from  the  Cretaceous  and  3  from  the  Tertiary.  The  many 
plates  are  well  filled  with  excellent  figures.  The  text  closes 
with  a  full  bibliography. 

7.  Origin  of  the  Italian  Serpentine;  by  B.  Lom  (BolL  R 
Com.  Geol.  Ital.,  1883,  p.  11,  12).~The  author  of  this  paper 
reviews  the  facts  connected  with  the  subject,  and  the  opinions  of 
authors,  and  concludes  that  the  "  Pre-silurian  Serpentine,"  which 
on  Elba  is  interstratified  with  crystalline  calcareous  schists,  and  is 
in  thin  alternatinii:  beds  at  other  localities,  has  proceeded  from  the 
transformation  of  pyroxenic,  hornblendic,  dioritic,  etc.,  schists, 
which  were  originally  of  sedimentary  origin;  while  the  Eocene 
serpentines  have  been  produced  by  the  alteration  of  the  eruptive 
rocks,  diabase  and  dioryte,  or  of  euphotide,  which  he  is  inclinetl 
also  to  place  in  this  clas!^  of  rocks. 

8.  Phasphatic  deposits  in  the  Cretaceous  of  Alabama.  —  k 
letter  to  the  editors  from  Professor  Eugene  A.  Smith,  State 
Geologist  of  Alabama,  reports  the  discovery  of  important  deposits 
of  phosphatic  nodules  and  green-sand  beds  at  Hamburg  in  Perry 
County,  at  the  base  of  the  Rotten  limestone.  The  Rotten  lime- 
stone is  represented  only  by  its  lowermost  beds.  Below  it,  occur 
(1 )  green-sand  beds,  1  to  4  or  5  feet  thick ;  (2)  about  6  feet  of  sandy 
calcareous  beds  containing  hard  phosphatic  nodules  which  vary 
in  diameter  from  that  of  a  pea  to  an  inch  or  more,  associated 
with  various  fossils,  species  of  Nautilus,  Ammonites,  Baculites, 
and  other  well  known  species,  the  shells  to  a  considerable  extent 
phosphatic,  vertebra3  and  other  bones,  large  pavement  teeth  of 
Cestracionts ;  (3)  one  foot  to  18  inches  of  light-colored  sandy 
marl,  averaging  10  per  cent  in  its  phosphoric  acid;  (4)  whitish 
calcareous  and  micaceous  sands,  holding  small  oyster-shells,  with 
some  phosphate,  and,  below  a  level  of  20  to  30  feet,  compact 
bluish   sands   in  which   there  is  considerable  screen   sand.    The 


Geoloyy  nnd  Natural  Ilwt^^ry,  493 

tier  states  the  probability  that  these  phosphatic  beds  are  con- 
niied  beneath  the  Rotten  limestone  across  the  State  of  Alabama, 
irough  Eutaw  and  other  places  to  Farmington  in  Mississippi, 
reen  sands  from  Eutaw  have  been  found  on  analysis  to  contain 
per  cent  of  phosphoric  acid. 

9.  AUgemeine  und  chemische  Geologie  von  Justus  Roth, 
weiter  Band,  erste  Abtheilung:  allgemeines  und  &ltere  Eruptiv- 
esteine.  pp.  1  to  210,  8vo.  Berlin,  1883  (VVilhelm  Hertz). — 
his  first  part  of  the  second  volume  of  Roth's  very  valuable  work 

devoted    to   a   preliminary  discussion    of  rock-structure,  and 
irther,  to  a  description  of  plutonic  and  older  eruptive  rocks. 

10.  Third  Au7iual  Report  of  the  State  MinercUogist  of  Call- 
bniia,  for  the  year  ending  June  1,  1883.  Ill  pp.  8vo.  Sacra- 
lento,  1883. — Part  1  contains  the  Report  of  the  State  mineralo- 
ist,  Mr.  Henry  G.  Hanks,  as  to  the  condition  of  the  California 
tate  Mining  Bureau.  Part  2  contains  a  very  full  report  on  the 
orax  deposits  of  California  and  Nevada,  in  which  Mr.  Hanks  has 
roueht  together  a  large  amount  of  useful  and  valuable  informa- 
on  bearing  upon  all  the  topics  concerned,  in  the  borax  industry 
'  especial  practical  value  to  Californians  and  to  others  inter- 
ae<l  in  the  production  of  borax.  This  report  contains,  in 
Idition  to  the  matter  compiled  from  many  sources,  the  results  of 
?rsonal  observation  by  the  author  as  well  as  a  considerable 
uount  of  laboratory  work ;  a  map  is  given  showing  the  principal 
•calities  in  the  two  States  mentioned. 

11.  Brief  Notices  of  some  recently  described  Minerals.^ — Colb- 
ANiTK  is  a  hydrous  borate  of  calcium,  probably  identical  with 
riceite.  It  occurs  in  monoclinic  crystals,  with  a  prismatic  angle 
:  108:^^,  also  massive.  The  cleavage  is  clinodiagonal,  perfect, 
fording  thin  smooth  laminae.  Hardness  3*5  (amorphous),  4*25 
crystals) ;  specific  gravity  2*428.  Luster  vitreous  to  adamantine, 
ransparent  to  subtranslucent.     An  analysis  yielded 

BaOa  OaO  HaO 

[50-98]  2718  21-84   =    100 

mall  amounts  of  soda  were  found,  even  in  the  clearest  crystals, 
hich  was  regarded  as  due  to  mechanical  admixture,  and  the 
iggestion  is  made  that  the  mineral  may  have  been  formed  from 
lexite.  Colemanite  was  found  in  Southern  California,  and 
amed  after  Wm.  T.  Coleman  of  San  Francisco;  described  by 
.  T.  Evans  in  the  Bulletin  of  the  California  Academy  of  Sciences, 
eb.,  1884. 

Bkogoerite — This  name  (after  the  Norwegian  mineralogist, 
V.  C.  Brogger)  has  been  giVen  by  C.  W.  Blomstrand  to  a  ura- 
ium  mineral  near  cleveite,  both  of  which  are  allied  to  uraninite. 
'he  specimen  examined  is  from  the  neighborhood  of  Moss,  Nor-  < 
ay;  it  formed  part  of  an  octahedral  crystal  having  an  iron-black 
>lor,  with  hardness  5  to  6,  and  specific  gravity  8-73.     An  analysis 

forded 

Cerium  Yttrium 

'O3       UOj      PhO     Tho,.     I'iirths.  earths.       FeO     ChO     SiO,     H.,0 

J-82     41-25     8-41      564         o:t5  242          1'20     OliO     081      083  —  110-12 
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For  this  the  author  wiites  the  tbrmnla  UOg,  RO,  UO3  or  more 
exactly  6UR0^U  + 1X3(0^11)2,  in  which  the  R  includes  the  tho- 
rium, cerium  and  yttrium  earths  and  lead.  The  author  gives  au 
extended  discussion  of  the  constitution  of  the  related  uranium 
minerals. —  Oeol,  F^r,  Fhrh.  Stockholm^  vii,  59,  1884. 

Allaktitb. — A  mineral  described  by  A.  Sjdgren  as  occurring 
in  small  tabular  monoclinic  crystals,  flattened  parallel  to  the 
orthopinacoid ;  according  to  H.  Sjogren  it  is  near  in  form  to 
members  bf  the  viviaiiite  group.  Hardness  4-5,  specific  gravity 
3*83-3'86.  Color  yellow  to  green.  Strongly  pleochroic  (whence 
the  name).     An  analysis  ailorded 

A8,0(.  MnO       FeO,  MgO,  OaO       11,0 

28-57  61-92  1-15  9-01   =    100-65 

For  this  formula  7MnO,  AsjO^,  411^0  is  given.  It  occurs  with 
other  manganese  minerals  at  the  Moss  mines  in  Nordmark, 
Sweden. —  GeoL  F6r.  M)rh,  /Stockholm,  vii,  109,  1884. 

Salmitk. — A  manganesian  variety  of  chloritoid  from  V^ielsalra, 
Belgium,  described  by  Eug.  Prost  (Geol.  Soc.  Belg.)  It  occurg 
in  irregular  masses  with  coarse  saccharoidal  structure  and  grayij»h 
color.  Hardness  5  to  6,  specific  gravity  3*3«  of  material  contain- 
ing a  little  quartz.     An  analysis  aiforded 


Si,0 

AlaOa 

Pe«()3 

FeO 

MuO 

CoO 

MgO 

CaO 

HaO    Qiiartx. 

1914 

3:i-6G 

338 

13-05 

7.14 

004 

1-79 

0-30 

6-32       1506=99  88 

12.  Cleuiatides  Megalanthea,  Les  ClenuUites  a  Grand  Fleurs: 
DtBcriptioii  et  Iconographie  des  Esp^ces  Cfiiticees  da  fin  P  Arhort- 
tnin  de  Se.grtz  ;  par  Ai.piionsk  LAvvLLicE.  Paris,  1H84.  (Bail- 
liere.) — A  sumptuous  volume,  in  imperial  4to,  of  84  pages  and  ;M 
plates,  from  drawings  by  Bergeron,  in  the  form  and  style  of  the 
Arboretum  Segiezianum  of  tlie  same  enterprising  and  liberal- 
minded  author.  It  is  well  for  science  when  an  in<lividual  has  the 
capacity  and  the  public  spirit  to  carry  on  such  an  undertaking  a^ 
the  Arboretum  of  Segrez  and  the  publications  which  illustrate 
both  its  treasures  and  the  botanical  acumen  of  its  founder. 

The  first  section  of  this  work  is  occupied  with  the  investigation 
and  iconography  of  the  .Ta))anese  species  of  C/efnatis,  such  as  C. 
patens,  C.  flarida,  etc.,  which  have  of  late  years  become  so 
attractive  in  cultivation,  an<l  whicli  especially  deserve  the  uriiic 
of  jxreat-fiowered  (Mematis.  But  the  scientific  interest  to  us 
centers  in  the  North  American  species,  and  in  some  cultivated 
species  of  doubtful  origin,  whie.h  may  have  American  blood. 

M.  Lavalleo  figures  and  describes  as  distinct  species,  (.\  cyHn- 
drica  Sims,  Bot.  Mag.,  and  ('.  erispa,  L.  Very  probably  thisj 
is  a  correct  view,  although  we  had  put  the  two  together.  The 
latter  we  have  had  in  cultivation,  the  former  we  know  only  iu 
dried  specimens;  and  they  seemed  to  pass  into  each  other.  We 
commend  these  species  to  the  attention  of  our  botanists  of  the 
middle  and  southern  Atlantic  States,  and  ask  for  living  plants 
and  good  dried  specimens  in  flower  and  fruit.  The  (\  distorts 
whicli    Lavalleu    figures,    from    a    cultivated    plant   of    unknown 
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origin,  seems  to  us  to  represent  something  between  the  two 
above-mentioned  species  or  forms,  more  or  less  modified  by  long 
cultivation.  Of  the  two  old  figures  which  he  refers  to  it,  that 
from  Bot.  Mag.  t.  1892,  we  should  say  belongs  to  his  (7.  crispaf 
and  that  from  Bot.  Rep.  t.  VI,  to  C.  cylindrica.  As  toC  eriagte- 
man  of  Decaisne,  the  C.  Hendersoni  of  the  gardens,  we  cannot 
think  that  this  is  at  all  of  American  origin,  and  we  hold  to  our 
former  guess  that  it  is  a  hybrid  of  C,  Viticella  and  C.  integrifolia. 

C.  Viorna  and  G,  reticulata  are  well  figured,  the  latter  in  a 
form  with  under-sized  flowers.  C.  Pitehtri  is  well  figured  in  one 
of  the  larger-flowered  forms ;  and  the  new  C.  Sargenti^  if  we  are 
not  much  mistaken,  is  only  a  smaller-flowered  form  of  the  same 
species. 

C.  Texensis  Buckley  is  the  name  preferred  to  C,  coccifiea  of 
fingelmann,  on  the  ground  that  the  former  is  the  earlier  published. 
We  think  quite  otherwise,  though  there  is  room  for  question. 
Buckley's  name  was  published  in  1863.  But  he  had  before  him 
the  second  part  of  Plaritm  WrightianoB,  published  in  1862,  in 
which  the  present  writer,  although  he  called  the  plant  C,  Vtorna 
var.  coccineay  yet  published  Engelmanu's  name  "C.  coccinea  n.  sp,, 
£ngelm.  MSS.,''  and  added  the  essential  characters  which  distin- 
guish the  species.  It  is  clear  to  us  that  this  characteristic  name 
(under  which  the  plant  is  cultivated  and  has  been  more  than 
once  figured,)  was  truly  published  in  1852,  and  therefore  should 
be  retained. 

In  reprinting  the  notes  upon  the  American  large-flowered  spe- 
cies of  Clematis  J  contributed  by  the  present  writer  to  the  Botani- 
cal Magazine  in  the  year  1881,  at  the  foot  of  page  70,  a  portion 
of  the  penultimate  sentence  under  C  reticulata  has  been  acci- 
dentally dropped  in  transcription  and  the  last  sentence  joined 
to  the  preceding  one,  so  as  quite  to  spoil  the  sense. 

An  appendix  gives  a  brief  review  of  the  tubular-flowered 
species,  lately  in  controversy,  in  which  M.  Lavallee  corrects  the 
determinations  of  the*  lamented  Decaisne  in  some  respects. 

A.  G. 

13.  Porto  Rico  plants, — A  botanical  exploration  of  this  island 
is  undertaken  by  P.  Sintenis  under  the  direction  of  Dr.  T. 
Urban,  of  Schceneberg,  near  Berlin,  who  wishes  to  receive  the 
names  of  subscribers,  at  30  marks  (17.50)  per  hundred  specimens, 
payable  on  delivery.  The  mountains  of  Porto  Kico  ought  to 
yield  a  good  harvest.  a.  g. 

14.  £rythr(jB(je  Exiiccatcv  qiuis  distribuit  V.  B.  Wittbock,  Di- 
rector Musei  Botanici  Stockholmiensis,  Fasc.  I,  1884. — This  is  the 
beginning  of  a  complete  autotype  illustration  of  a  genus  which, 
though  not  large,  abounds  in  critical  species  and  forms ;  and  the 
North  American  species  doubtless  need  similar  investigation  and 
illustration.  Dr.  VV^ittrock  informs  us  that,  if  he  can  secure 
specimens  from  this  country,  in  sufficient  abundance,  he  will  in- 
clude them  in  the  beautiful  work  which  he  has  now  begun.  For 
the  indigenous  species  we  must  appeal  to  botanists  of  our  western 
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regions,  from  Arkansas  and  Texas  to  the  Pacific  Coast.  Their 
contributions,  which  are  hereby  solicited,  will  be  repaid  in  kind. 
Botanists  who  are  willing  to  extend  their  aid  and  who  are  de- 
sirous of  details,  may  communicate  with  the  writer  of  this  article, 
at  Cambridge.  The  present  fascicle,  a  thin  folio  volume,  is  de- 
voted to  the  E,  vidgaris  type,  in  its  various  foniis  A  good  wood- 
cut figure  of  corolla  and  stamens  is  given  on  the  leading  ticket  of 
each  species.  a.  w. 

Til.    MlSCELLANKOUS    SCIENTIFIC    INTELLIGENCE. 

• 

1.  The  British  Association  at  Montreal. — The  meeting  of  the 
British  Association  at  Montreal  will  commence  on  Wednesday, 
August  27.  The  reception  rooms  will  be  open  on  the  Monday 
preceding  at  I  p.  m,,  and  on  the  following  days  at  8  a.  m.,  for  the 
issue  of  tickets  to  members  and  associates  (and  ladies),  and  for 
supplying  information  as  to  lodgings,  etc.  The  general  secre- 
tary of  the  executive  committee  is  Mr.  J.  D.  Crawford.  The 
tickets  will  contain  a  map  of  Montreal,  and  particulars  as  to  the 
rooms  appointed  for  sectional  and  other  meetings.  A  general 
meeting  will  be  held  Wednesday  evening,  opening  at  8,  at  which 
President  Cayley  will  resign  the  chair  and  the  Right  Hon.  Lord 
Rayleigh,  President-elect,  will  assume  the  presidency  and  deliver 
an  address.  On  Friday  evening  there  will  be  a  discourse  by  Pro- 
fessor W.  G.  Adams,  and  on  the  evening  of  the  following  Monday 
a  discourse  on  *'  Tlie  modern  microscope  in  researches  on  the  least 
and  lowest  forms  of  life,"  by  the  Hev.  W.  H.  Dallinger;  on  Sat- 
urday evening  a  lecture  on  comets,  for  the  citizens  of  Montreal, 
will  be  delivered  by  Professor  H.  S.  Ball,  of  Dublin  University. 

Contributors  of  papers  to  the  meeting  are  required  (under  hu 
arrangement  dating  from  1H71),  to  send  to  the  "  (Tcneral  Secreta- 
ries of  the  British  Association,"  2'2  Albemarle  street,  London,  W., 
an  abstract  of  the  paper,  suitable  for  insertion  in  the  transactions 
of  the  association,  together  with  the  paper,  with  a  statement  as 
to  the  section  for  winch  it  is  intended,  that  the  committee  may 
decide,  in  advance  of  the  time  of  meeting,  as  to  the  acceptance 
and  time  of  reading. 

The  Local  Executive  Connnittee  has  issued  the  follow ini(  cir- 
cular with  regard  tt)  membt*rship  and  the  ein-olling  of  new  mem- 
bers: 

(1)  Life  members  for  a  single  payment  of  J^50,  which  entitks 
them  to  all  the  privileges  of  membership  for  life,  and  to  receive 
all  reports  which  the  association  may  publish  after  the  date  of 
payment. 

(2)  Annual  members  for  a  payment  of  Clothe  tirst  year  (?t 
of  which  is  the  entrance  fee),  and  $6  each  consecutive  year  there- 
after, with  the  same  privileges  as  life  members. 

(3)  Associate  members  for  a  payment  of  ^5.  Associates  are 
not  eligible  to  hold  office  in,  or  to  serve  on  any  committees  of 
the  Association ;  nor  do  they  receive  the  annual  reports.  All 
other  privileges  of  membership  for  the  year  are  open  to  theni. 


MisceUaneiriiH  Intelligence,  497 

Persons  who  are  already  members  of  the  Association  may  be 
re-enrolled  by  paying  the  annual  dues  of  $5.  Life  members  will 
be  re-enrolled  without  payment.  No  person  wlio  is  not  a  member 
b  admitted  to  any  of  the  meetings  of  the  Association.      The 

I)rivflege  of  reduced  fares  by  the  railway  and  steamboat  lines  is 
imited  to  the  life,  annual  and  associate  members.  Applications 
for  admission  to  membership  may  be  addressed  to  Mr.  J.  D. 
Crawford,  General  Secretary  of  the  Citizens'  Committee,  Post- 
office  box  147,  Montreal. 

The  Circular  is  signed  by  Thomas  Cramp,  Chairman,  and 
David  A.  P.  Watt,  Secretary,  and  dated  Molsons'  Bank  Cham- 
bers, 198  St.  James  street,  Montreal,  April  16,  1884. 

2.  American  Association.  —  The  Philadelphia  meeting  of  the 
American  Association  commences  its  session  on  the  3d  of  Sep- 
tember, under  the  presidency  of  Professor  J.  P.  Lesley.  The 
vice-presidents  of  the  sections  are  :  A,  Mathematics  and  Astron- 
omy, H.  T.  Eddy,  of  Cincinnati ;  B,  Physics,  John  Trowbridge, 
of  Cambridge;  C,  Chemistry,  John  W.  Langlky,  of  Ann  Arbor; 
D,  Mechanical  Science,  R.  H.  Thurston,  of  Hoboken;  E,  Greology 
and  Geography,  N.  H.  Winchkll,  of  Minneapolis;  Biology,  E. 
D.  Cope,  of  Philadelphia;  F,  Histology  and  Microscopy,  T.  G. 
Wormley,  of  Philadelphia;  H,  Anthropology,  E.  S.  Morse,  of 
Salem ;  I,  Economic  Science  and  Statistics,  J.  Eaton,  of  Wash- 
ington. 

The  Permanent  Secretary  of  the  association  is  Professor  F.  W. 
Putnam,  of  Cambridge ;  the  General  Secretary,  Alfred  Springer, 
of  Cincinnati ;  the  Assistant  (Teneral  Secretary,  E.  S.  Holden,  of 
Madison  ;  the  Treasurer,  William  Lilly,  of  Mauch  Chunk. 

3.  Peahody  3ffisewn  of  Aineriant  Archmology  and  Ethnol- 
ogy of  Cambridge,  Mass,,  IQth  and  17 fh  Afinual  Reports,  Cam- 
bridge, 1884. — American  Archn'ology  is  making  rapid  progress 
through  the  labors  of  Professor  Putnam  and  the  work  and  publi- 
cations connected  with  the  Harvard  Peabodv  Museum.  The 
volume  issued  contains  various  original  papers  besides  the  report 
of  the  curator.     A  few  facts  are  here  cited  from  it : 

(1)  The  meteoric  iron  "found  on  the  altar  of  mound  No.  3,  of 
the  Turner  group  of  earthworks  in  the  Little  Miami  valley,  Ohio, 
has  been  analyzed  by  Dr.  L.  P.  Kinnicutt.  One  piece  was  found 
to  have  G.=6-42,  and  to  consist  of  Iron  86*66,  nickel  12*67, 
cobalt  0*33,  copper  ^r<yce?,  insoluble  residue  0*10;  the  second  speci- 
men, to  have  G.=6*51,  and  to  consist  of  Iron  88*37,  nickel  10*90, 
cobalt  044,  copper  and  phosphorus  traces^  insoluble  residue  0*12. 
Each  contains  small  crystals  of  olivine,  and  the  former  also  a 
little  bronzite.  A  polished  piece  of  the  first  gave  well-marked 
Widmannstattian  figures,  and  the  second  appeared  to  be  of  the 
same  character.  The  other  specimens  were  similar,  in  containing 
nickel,  proving  that  all  the  iron  from  the  mound  was  of  meteoric 
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Another  mass  of  iron  weighing  767*5  grams,  from  the  altar  in 
mound  No.  4,  of  the  same  group,  contained  large  concretions  of 
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olivine,  like  the  "  pallasite  "  section  of  meteoric  irons,  and  had  a 
specific  gravity,  according  to  a  determination  by  Professor  Latti- 
more,  of  Rochester,  N.  Y.,  of  4'72.  An  analysis  of  the  iron  by 
Mr.  Kinnicutt  afforded  Iron  89*00,  nickel  10*65,  cobalt  0'45,  c<)p- 
per  and  phosphorus  traces ;  of  the  olivine,  Silica  40*02,  iron 
protoxide  14*06,  manganese  protoxide  0-10,  magnesia  45*60. 
Specific  gravity  of  the  olivine,  t3*33 ;  of  the  iron,  7*894.  Small 
(j;rains  of  bronzite  were  detected. 

Mr.  Kinnicutt  states  that  the  external  resemblance  of  the 
specimen  to  those  of  the  Atakama  iron  is  striking.  Buchner's 
analysis  of  the  iron  of  the  latter  gave  Iron  88*01,  nickel  10*25, 
cobalt  0*70,  phosphorus  0*33,  sodium  0*21,  potassium  0*15,  and 
6.=7*44-7*66;  which  is  very  near  that  of  the  Ohio-mound  iron. 
The  olivine,  according  to  an  analysis  by  Schmid,  contains  only 
36*92  per  cent  of  silica ;  but  the  analysis  needs  revision,  since  the 
iron  and  manganese  are  given  as  sesquioxide,  and  if  reckoned  as 
protoxide  (its  condition  in  unaltered  olivine),  the  analysis  shows 
a  large  loss. 

(2)  A  human  molar  tooth  has  been  found  by  Dr.  C.  C.  Abbot 
in  the  gravels  near  Trentoii  affording  paleolithic  implemeitts.  It 
is  a  rolled  and  worn  tooth,  and  is  therefore  of  the  same  age  with 
the  implements.  Dr.  Putnam  says  that  the  discovery  of  the 
tooth  removes  the  little  doubt  there  was  about  the  gravel-bed 
origin  of  the  portion  of  a  human  skull  obtained  some  years  since 
at  Trenton  by  Dr.  Abbot  from  a  person  who  stated  that  it  was 
found  in  the  gravel. 

Professor  Putnam,  in  the  course  of  his  report,  adds  a  word  on 
(3)  frauduhnt  anthiues.  He  says  that  Indian  pipes,  dishes  and 
other  relics  are  mjulo  for  the  ethnological  market  in  l^liiladelphia; 
a  large  business  has  been  done  in  Ohio  in  the  so-calkMl  gorget> 
cut  from  slate  and  in  hematite  celts  ;  and  much  Indian  pottery 
has  been  put  into  the  trade  in  southern  Illinois.  A  carved  stone 
representing  a  naked  child  was  recently  sent  from  P^ureka,  in 
Arkansas,  to  the  l\^abody  Museum  for  sale,  which  **  proved  to  he 
a  child  of  the  ^  Cardiff  Giant '  family." 

4.  The  Gileyilence,  a  comedy  ballet  in  the  Nah^uttUtypanuK 
dlahct  of  Nicaragua  ;  edited  by  I).  G.  Brinton.  96  pp.  8vo. 
Philadelphia,  ISHi.  Aboriginal  American  Authors  and  their 
Productions  ;  by  Daniel  G.  Brinton,  A.M.,  M.D.  64  pp.  A\o. 
Philadelphia,  18H;i.  BriiitoiT^s  Library  of  Aboriginal  American 
Literature. — These  two  volumes  are  works  of  much  research  and 
historical  interest,  by  one  of  the  ablest  of  American  archa^olo- 
jcists. 
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United  States,  64,  66,  75,  94.  349. 
Wisconsin,  146. 
Geological  Society  of  London.  421. 
Gbow)OY — 

Acadian   and   Potsdam  groups,  simi- 
larity of,  Whi^^ld,  321. 
Aetosauria,  Marsh,  338. 
Alabama,     phosphatic    deposits    in, 

Smilh,  492. 
Andesites  of  the  Great  Basin,  66,  453. 
Anguilla  bone  cave,  71. 
Basalt  of  the  Great  Basin.  456. 
Buried  valleys  in  Penn..  WhiU,  149. 
Burlington  limestone  in  New  Mexico, 

S^pringer,  97. 
Cephalopoda,  new,  iHvighU  254. 
fossil  genera  of,  Hyatt,  48h. 
Ceratosaurus.  Marnh,  329. 
.   Champlain     period,     phentmiena   of, 

Dajia,  113. 
Climate,  see  Glacial  CHmuU. 
Copper  and   lead   ore  of  Wisconsin, 

origin  of,  Chamberlin,  147. 
Copper  -  bearing  series  and  Potsdam. 

Woaster,  463. 
Crinoids,  fossil,  Miller.  158. 
Decay  of  rocks  in  Brazil,  Iferffy,  13s 
Delaware  gravels,  Che-strr,  1 89. 
Devonian  of  Pennsylvania,  Whita,  150. 
Dicotyledons,  Mesozoic.  Ward,  292. 
Didelj)hy8  pygmjea,  Scott,  442. 
Dinichthys  minor,  Ringwberg^  47r>. 
Dinosaurs,  American  .Jurassic,  Marnh, 

161,  329. 
Diplodocus.  characters  of,  Marsh,  Ifil. 
Dunyte  of  N.  Carolina,  Julien,  72. 
Karthquakes  of  the  Great  Basin,  GU- 

bert,  49. 
Footprints,  human,  in  Nicaragua,  239. 
Fossils    m    crystalline    limestone   of 

eastern  Pennsylvania,  Primf,  69. 
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GSOLOGT — 

Glacial  boundary  in  the  middle  States, 

Wright,  410. 
climate,  diacuasion  of,  OrvU,  81, 

265,  343,  432 ;  Becker,  473 ;  Dana, 

93;  DuUon,  1;  Newcomb,  21. 
drift    in   Montana  and    Dakota, 

White,  112. 
flood  in  the  New  Havon  region, 

Dana,  113. 
moraine,  great  terminal,  68,  410. 
period,   Minneaota  valley  in  the, 

Vphain,  34,  104. 
i^laciation,  influence  of  convection  on, 

Becker,  473. 
Olaciera,  effect  of  warmer  climate  on, 

DuUtm,  1. 
extinct  of  Colorado,  HUls,  391. 
of  Greenland,  241. 
Gravel,  hillock  a  of  angular.  Chamber- 

tin,  378. 
Gravela,  Delaware,  Chester,  189. 
Greenland,  glaciera  of,  241. 
Hornblende    of    the     Northweatern 

Statea,  Irving,  130. 
Ice,  aee  Glacier,  etc. 
Iron  ore  of  Wfec,  Chamberlin,  147. 
Jointed  atructuro,  origin  ot,  Gilbert,  47. 
Kamea,  Chamberlin,  388. 
Kettle-holea  near  Wood'a  HoU,  Maaa., 

Koans,  260. 

at  New  Haveu,  Dana,  113. 
Keweenaw  ore  depoaita,  146. 
Lake  Lahontan  of  Nevada,  67. 

.Superior  region,  rocka  of,  Irving, 

130,  146. 
Lenticular  hiUa,  Hitchcock,  72. 
Lower  Silurian,  unconformability  to, 

of  upper,  70,  153. 
Macelognatha,  Marsh,  341. 
Maranpial,  new  Miocene,  Scott,  442. 
Mexican  gulf  and  Paciflc,  former  con- 
nection of,  157. 
Minneaota  valley  in  the  ice  age,  Upham, 

34,  104. 
MoUuacan  foaaila  of  Syria,  490. 
Molluaca,  non-marine  fosail  68. 
Mount  Lebanon  foaaila.  490. 
New  Jeraey  Triaaaic,  408. 
Oaars,  Chamberlin,  389. 
Paleozoic  of  Spain,  491. 
Panther  Creek  beain,  Ashbumer,  407. 
Pboaphatic  depoaita  in  the  Cretaceoua 

of  Alabama,  Smith,  492. 
Planta,  Meaozoic,  Ward,  292. 
Propylite  of  the  Great  Basin,  454. 
Pterodactyls,    American    Cretaceoua, 

Marsh,  423. 
Pyroxene-andeaite  of  the  Great  Basin, 

Hague  and  Iddings,  457. 


Geology — 

Reptilea,  new  order  of,  Marsh,  341. 
Rhode  Island,  Dale,  217,  282. 
River  valleys  in  Lincolnshire,  240. 
Rocks,  decay  of,  in  Brazil,  Derby,  138. 

of  the  Great  Basin,  66,  453. 
Serpentinea,  geological  hiatory  of,  489. 

origin  of  Italian,  492. 
Silurian,    unconformability    between 

lower  and  upper,  70,  153. 
Soil-cap  movementa,  321. 
Spain,  geology  of,  491. 
Stratification,   diaturbed,   Chamberlin, 

378. 
Suaquehanna  region,  149. 
Syrian  moUuacan  foaaila,  490. 
Taoonic  queation  in  geology,  489. 
Terracea  in  Pennsylvania,  White,  149. 
Trachyte  of  the  Great  Basin,  454. 
Trap  maaaea  of  New  Jeraey,  not  true 

overflowa.  Cook,  408. 
Trilobitea,  appendagea  of,  409. 

new  calciferoua,  Dwight,  251. 
Veina,  origin  of,  147. 
Volcanic  rocks  of  Great  Basin,  66,  463 
Wappinger  Valley  limeatone  foaaila, 

Dwight,  249. 
Warren  River,  Upham,  111. 
Gilbert,  G.  K.,  origin  of  jointed  atruc- 
ture,  47. 

earthquakea  of  the  Great  Baain,  49. 
the  deflection  of  streams,  427. 
Glaciers  of  Greenland,  241 . 

see  further  under  Geoloot. 
Goodale,  G.  L.,  botanical  notices,   322, 
415. 

Wild  Mowers  of  America,  414. 
Gorceir.,  Brazilian  minerals,  73. 
Gray,  Andrew,  Absolute  Measurements 

in  Electricity  and  Magnetism,  487. 
Gray,  Asa.  botanical  noticea,  155.  241, 
413,  494. 

Brooka'  law  of  Heredity,  156. 
necrologia  botanica,  242. 
tendency  in  variation,  326. 
gender  of  namea  of  varietiea,  396. 
Clematidea  Megalanthea,  494. 
Greenland,  glaciers  of,  241. 


Hague,  A.,  Report  on  Eureka  Hill  Min- 
ing District,  65,  68. 

on  the  volcanic  rocks  of  the  explo- 
ration of  the  40th  parallel,  66,  453. 

Hallock,  W.,  researches  on  magnetism, 
321. 

Hall's  phenomenon,  486. 

Hamlin,  C.  E.,  Syrian  Molluscan  Fossils, 
490. 
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Hanks,  H.  G.,  California  Mineralogical 
Report.  493. 

Harger,  0.,  Isopoda  of  Blake   Expedi- 
tion, 417. 

Hayden,  F.  V.,  Geological  Map,  153. 

Hazerij  H.  A.,  the  sun-glows,  201. 
thermometer  exposure,  366. 

Heat  in  iron  from  magnetic  force,  58,  238. 

Hidden,  W.  K,  herderite,  Maine,  73,  135. 
tounnaline  from  Maine,  164. 

ffiU^W.  N.,  heat  produced  by  reversals 
of  magnetization,  68. 

HiUebrand,  W.  F..  Idllingite   and   other 
minerals,  349. 

Hills.  R.  (7.,  extinct  glaciers  of  Colorado. 
391. 

kaolinite  from  Red  Mountain,  Colo- 
rado, 472. 

Hinde,  G.  J.,  Catalogue  of  the   Fossil 
Sponges  of  the  British  Museum,  492. 

Hitchcock^  C.  H,  lenticular  hills,  72. 

Horse,  see  ZooLOOT. 

Hugffins,  W.,   photographing   the  solar 
corona,  27. 

Hunt,  T.  S.,  Geological  History  of  Ser- 
pentines, 489. 
The  Taconic  Question,  490. 

Hyatt,  A,,  Fossil  Cephalopods.  488. 

Hyponitrites,  406. 


Ice  age,  sec  GlacvU  Period. 

Iddings,   J.    R,    volcanic   rocks   i)f  the 

(Jreat  Basin.  G6,  45:i. 
Iron,  see  Geology  and  Minkrals. 
Irving,  H.  Z>.,  hornblende  of  th«'  north- 

wentern  States,  130. 


Johvson,    G.    II.,    human     footprints     in 

Nioaragua.  2 .'J 9. 
JukeS' Browne,  A.  J.,  a^^sof  river- valleys 

in  Fiincolnshiro,  240. 
JiUi>n,  A.  A.,  durivt*'  of  N.  Carolina,  72. 


Kinnicut,    L.     I*.y    meteoric    iron    from 
a  muuiid  in  Ohio,  497. 

Kohlrauscli,  F..  researches  on  magnet- 
ism, :J21. 

Kokscliorow.  X.  v.,  Materialen  zur  Min- 
eralogie  Russlands,  112. 

Konkoly,    N.   de.   spectroscopic  observa- 
tions of  comet  Pons-Hrooks,  7<). 

Koons.  H.  K,  kettle-holes   near   Wood's 
Moll.  Mass..  2«0. 

Ku/iz,  G.  K.  onierahls  IVouj  Xorlh  Ciiro- 
lina.  ir>;^,. 

topaz  froni  Stonoham.  Maine,  212. 


Kunz,  G.  F.,  tourmaline  and  associated 
minerals  of  Auburn,  Me.,  303. 
andalusite  from  Gorbam,  Me.,  305. 
white  garnet  from  Wakefield,  Canada. 
306. 


Lake  Tahoe,  physical  studies  of,  145. 

Langley,  S.  P.,  wave-lengths  in  the  in- 
visible prismatic  spectrum,  169. 

Lavall6e,   A..   Clematides   Megalantbes, 
494. 

LeConte.   •/,    physical   studies  of    Lake 
Taboe,  145. 

horizontal  motions  of  floating  bodies 
and  the  theor}'  of  capillarity.  307. 

Lefroy,    J.    H.,    Magnetic    Survey  of 
Canada,  320. 

Lesley,  J.  P.,  Pennsylvania  Geological 
Report,  69,  71.        * 

Liebig,  bust  of,  159. 

statue,  method  of  cleaning  the,  316. 

Lille,  sulphurous  oxide  in  air  of,  54. 

Lotti,  B.,  Origin  of  the  Italian  Serpen- 
tine, 492. 


Mackinioth,  J.  B.,  henlerite  from  Maine, 

135. 
Magnetic  declination,  Sclioti,  245. 
force,  heat  in  iron  from.  58,  238. 
survey  of  Canada,  320. 
Magnetization,  heat  produced  by  rever- 
sals of.  58. 
Marks,  W.  D.,  Proportioua  of  the  Steam 

Kngine.  321. 
Marsh,  0.  C,  the  Diplodocida-,  IGl. 
the  order  Theropoda,  329. 
new  order  of  Jurassic  reptiles,  341. 
American  Cretaceous  pterodactyls. 

423. 
McGte.  W.  J.,  ages  of  river- valleys  in 

Lincolnshire,  240. 
Mesitylene,  preparation  of,  56. 
Metasulphites,  Bertltelot,  403. 
Mickelborottgh, «/.,  loconiotory  api)endage8 

of  trilobites,  409. 
Miller,  S.  A.,  on  crinoids,  158. 
Minerals — 

Albite,  Auburn.  Maine,  Knta.  'M)4. 

Allaktite,  494. 

Allanite,  412.  479. 

Andalusite,  Gorbam,  Maine,  Kutiz,  305. 

Apatite,  from  Maine,  Knm,  215,  304: 
Dana,  480. 

Autuuitc  from  Maine,  Kurur.  214. 

Bertrandite.  411. 

HiTvl  from  Maine,  Kuuz.  214. 

Hiotite  from  Maine,  Kuuz,  215. 

Hn>gp:erite,  analysis  of,  493. 
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MlNBIULS — 

Cassiterite,  Virginia,  411. 

Cleavelandite  from  Maine,  Kum,  215. 

(Jolemanitef  493. 

Columbite  from  Maine,  Kunz^  214. 

Cosalite,  HiUetyrand,  354. 

Cupro-descloizite  from  Mexico,  412. 

Damourite  from  Maioe,  Kunz^  215. 

Emeralds  from  North  Carolina,  153. 

Feldspar,  enlargements,  Vanhiaey  399. 

Fluorite  from  Maine,  Kunz^  215. 

Garnet,  A'uns,  215,  306. 

Groddeckite.  Arzruni^  74. 

Herderite  from  Maine,  73,  135,  229. 

Hubnente.  HiUebrand,  367. 

Ujdrargillite,  74. 

Iron,  meteoric  from  mound,  497. 

native,  in   New  .Fersoy  Triassic, 
Cook,  409. 

Kaolinite,  Colorado,  HiOa,  472. 

Lepidolite.  Auburn,  Maine.  Kunz,  304. 

LolUngite,  HilUbrand,  349. 

Margarodite  from  Maine,  Kunx,  215. 

Meneghinite  from  Canada,  411. 

Mica,  green,  74. 

Montmorillonite,  Maine,  Kum^  214. 

Muscoyite  from  Maine,  Kum,  215. 

Pyrophyllite,  74. 

Quartz  from  Maine,  Kum,  215,  304. 

Rbabdophane,  Brush  and  Penfield,  200. 

Salmite,  494. 

Sanidine  from  Colorado,  Cross,  94. 

Scovillite  identical  with  rhabdophane, 
Bruah  and  Pmfield,  200. 

Tennantite  from  Canada,  411. 

Topaz  from  Coloiado,  Cross,  94. 
fron  Maine,  Kunz,  212. 

Tourmaline  from  Maine,  154,  303. 

Triphjlite  from  Maine,  Kunz,  214. 

Triplite  from  Maine,  Kunz,  214. 

Tjsonile,  Colorado,  Dana,  481. 

Wavellite,  74. 

Zircon  from  Maine,  ^unz,  215. 
Miillor,  Hermann,  fund,  421. 
Miiller.  N.  J.  C,  Handbuch  der  Botanik, 

322. 
Murdock,  J.  B.,  Electricity  and  Magnet- 
ism, 320. 
Museum     of    Arch»ology,    Cambridge, 

Report  of,  497. 

N 

Nelson,  K.  W.,  Birds  of  Behring  Sea  and 

the  Arctic  Ocean,  417. 
Xtwcomh,  X,  points  in  climatology,  21. 
Newlands,  J.  A.  R.,  the  Periodic  Law, 

und  Relations  of  Atomic  Weights,  485. 
Nnotofi,  II.  A.,  astronomical  notices.  77, 

244. 
Craig's  Treatise  on  Projections,  245. 


NipJier,  F.  E.,  evolution  of  the  trotting 
horse,  44. 

electrical  resistance   expressed    in 
terms  of  a  velocity,  465. 
Nitrogen  selenide,  141. 

solidification  of.  319. 
Nomenclature,  botanical,  Gray,  396. 


Obituary — 

Cesati,  Vincenzo,  243. 

Engelmann.  Dr.  George,  244. 

Guyot,  Arnold  Henry,  246. 

Heer,  Oswald,  243. 

Humphreys,  (ien.  A.  A.,  160. 

Miiller,  Hermann,  243. 

Parker.  Charles  F.,  243. 

Sella,  Signer  Quintino,  422. 
Observatory,  Cincinnati,  publications  of, 

421. 
Ohio  River  tiood  of  1884,  Dana.  419. 
Oxygen,  boiling  point  ot  319. 


Parsons,  F.  J.,  comet  1882,  I,  32. 

Per\field,  S.  X.,  identity  of  scovillite  and 
rhabdophane,  200. 

Petroleum,  constitution  of  Galidan,  55. 

PeUersson,  0.,  water  and  ioe,  62. 

Hydrography  of  the  Siberian  Sea,  64. 

Pfeffer,  W.,  Pflanzenphysiologie,  322. 

Phosphorescent  eye-piece.  236. 

Phosphorus,  oxidation  of  at  low  tem- 
peratures, 235. 

Photometry,  nitrogen  iodide  in,  234. 

Piperidine,  synthesis  of,  406. 

Plants,  see  Botany  and  Geolooy. 

Powell.  J.  W.,  Reports  of  U.  S.  Geologi- 
cal  Survey,  64,  66. 

Power,  device  for  measuring,  Braekett, 
20. 

Prime,  /!,  limestone  of  Northampton  Co., 
Penn.,  69. 

Prinz,  W.,  structure  of  Diatomaces,  416. 

Pumpelly,   R.,   Maps  of    the   Northern 
Trans-Continental  Survey,  246. 

B 

Rainfall  and  flood  in  New  York  and  else- 
where. Gardinei',  418. 

in  Ohio  and  Connecticut  val- 
leys, J.  D.  Dana,  419. 
returns,  422. 

Refraction,  lateral  astronomical,  466. 

Remsen,  I.,  Theoretical  Chemistry,  238. 

Riley,  C.  V.,  Entomological  Report,  417. 

Hingueherg,  E.   N.   S.,  new    Dinichthys 
from  New  York.  476. 

Hohinsan,  F.  C.  Allaniie  from  Topeham, 
Maine,  412. 
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Rockwood,  C.  G.,  AniericBn  earthquakeSf 

Rotb,  J.,  Allg^eineiue  und  cheinische 
Geologie,  493. 

Ruaaelly  I.  C,  Lake  Lahontan,  its  depos- 
its, 67. 

8 

Sachs,  J.,  Pflanzenphysiolog^o,  322. 

Schaeberle^  J,  3/.,  lateral  astronomical 
refraction,  466. 

Schenk,  A.,  Handbuch  der  Botanik,  'A22. 

Schott,  C.  A.,  Magnetic  Declination  in 
the  United  States,  245. 

Variation  of  the  Magnetic  Declina- 
tion, 245. 

Scott,  W.  B.,  new  marsupial  from  the 
Miocene  of  Colorado,  442. 

Selw3m,  A.  R.  C,  Canada  (Joologrical 
Report,  410. 

Shepard,  N.,  Darwinism  stated  hy  Dar- 
win himself,  414. 

Sherman,  0.  7.,  observations  of  the  Pons- 

•  Brooks  comet,  76. 

Silver  hyponitri  te,  141. 

new  compounds  of,  142.  I  Wakott,  C.  />.,   locomotory  apiMndage- 

Smitfi,  E.  A.,  phosphatic  deposits  in  the        <>^  trilobites,  409. 
Cretaceous  of  Alabama.  492.  Report  on  the  Great  Basin.  ♦.:.. 

Solar,  see  Sun.  Waldo,  F.,  filling  of  barometer  IuIk'R.  ]\ 

Sound,  velocity  of,  in  air,  143  ,  Ward,  L.  R,  Me807X)icdioot,vle«ioiis.  i".«i. 

Spectra,  absorption,  of  water,  485.  i  Water  and  ice.  Peftervion,  r,2. 

Spectrum,  wave-lengths  in  the  invisible,  i  absorption  Hi)ei-tra  of.  is.'). 

Ixifujley,  109.  Wht'te.  C.  -^■1.,  origin  of  non-in;iriiK'  i  -« i 

Spragiie,  i.,  Wild    Klower.«<  of   America.        mollusca  of  North  Americji.  r.s. 
414.  glacial  drift  Montana  and  Dak..  1 1.V 

Springer,    F.,    Burlington    linioHtono   in  I  White,  /.  C  Pennsylvania  ^t'..U.irv.  ir.v 
New  Mexico,  97.  Whitoaven,    J.     F.,     Mes«.z<iic     K(»-'n 

Stars,  double,  244.  '      Queen  Charlotte  Island,  49<;. 

Steenstnip,  K.  J.  v..  Glacier  and  (Glacier-     Whitfield,    li.   P.,  similarity  of  Ai-Ad/.u 
ive  of  Greenland,  241.  and  Pots<lani  groups,  'X2\. 

Williams,  A.,  Mmenil   Kesonri-i'-:  nf  \'.,- 

United  States.  75. 
WittrfK-k.  V.    B...  Krytlini-.t     Kx.-iif.;?.' 
495. 


Trowhridgt,  J.,  phvsical  notict's,  57,  14:'.. 

236,  485. 

heat  produced  by  reversal**  -.f  tnnkr- 

netization,  58. 
Tschermak,    G.,    Lehrbuch    der   Mirnr- 

alogie,  75. 
Tuning-forks,    autograpliic    rei.-oni^   i.f 

vibrations  of.  Cmnpton,  444. 


Upham,  W.,  Minnesota  valley   in  ilie  iiv 
age.  34,  104. 


Vacuum  regulator.  400. 

Vaiihiae,  C.  II.,  enlargements  orfe..i^:;jr 

grains,  399. 
Van  Tieghem.  Pli..  Traite  do  B<iiariiMi:v 

322. 
Vapor,  condensation  of  as   :i  souni-  .  f 

electricity,  144. 
Variation,  tendency  in.  :t2<;. 
Varieties,  gender  of  names  of.  Gxi,/,  .;!»♦,. 


w 


St<me.  <)..  -Annals  of  Mathematics.  80. 
Streams,    deflection    of,    by  tlie   earth's 

rotation,  Gifhert,  427. 
Suess,  K..  Das  Antlitz  der  Krde,  151. 
Sun,  pbotographing  corona  of,  Hwjtjins,  ,  Wt^)st*'r.   L.  C,  transition   from  '-..iit 

27.  i      bearing  series  U)  I^ots<lani.  -ic::. 

Sun-glows,  ffazea,  201. 

Sunsets,  red,  144. 

Sun-sj)Ots  and  earth's  temperature,  57. 


Wright.  G.  F.,  the   glacial  boiui.l.irv  ;: 
Ohio,  etc.,  410 


Tab(M',  see  Lake  Tahoe. 
Tait,  P.  G.,  Heat,  noticed,  1H.^. 
Temperature  regulator,  tO<;. 
Thermometer  exposure.  Ifizcn,  'M)f). 


Zoology— 

Cambarus,  dimorphism  in,  Fiij'-> ..  I.' 
Kchini  of  the  West  Indies.  l."»T. 
Horse,    evolution     of     tin*     ir-^u  lu 

Xipher,  44. 
See  further  under  (}eolo(;y. 
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